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A METHOD OF DETERMINING A CONTINUOUS 
RECORD OF THE PERFORMANCE OF A 
MARINE ENGINE. 


By Pror. W. F. Duranp, MEMBER. 


The information usually derived on marine engine trials is far 
from furnishing data from which a continuous record of the per- 
formance can be deduced. If indicator cards are taken once in 
from ten to fifteen minutes, as is common on long course trials, 
then, so far as mean effective pressure is concerned, we have with 
revolutions of about 100 per minute simply one card out of every 
thousand or fifteen hundred. With higher revolutions we shall 
probably get more than one card during the time contact between 
the pencil and card is made, and thus the proportion may remain 
about the same. In the mean time, the mean effective pressure 
may or may not remain the same, according to circumstances. In 
any event, a very small sample only is obtained of what actually 
goes on in the cylinders. The desirability of more continuous 
records is well understood, and many forms of continuous inte- 
grating indicators have been proposed, though, so far, none has 
seemed to be a mechanical and commercial success. 
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As a step toward the extension of the time scope of the record, 
the indicator pencil is sometimes left in contact with the card for 
several revolutions. This, however, is of no avail beyond a com- 
paratively small number, for although with slightly varying con- 
ditions a shaded line will result, yet we are not able by inspection 
to give the proper relative weight to the different parts, and to 
deduce a correct mean card. 

In addition to the influence on the work due to varying mean 
effective pressure, we have also that due to varying revolutions. 
To obtain the mean power for a given period with the data as 
usually taken, two courses areopen. (1) The revolutions for one 
minute at the time of taking each set of cards may be used with 
the mean effective pressure derived from them, for computing the 
corresponding power. The mean of the values of the power thus 
found may then be taken as the mean power. (2) The cards may 
be used simply to give the various values of the mean effective 
pressure from which a mean value is derived, and this may be used 
with the mean revolutions, as derived from the initial and final 
readings of the counter. 

In the first case, assuming that the revolutions as counted are 
correct, we have still but a single minute out of 10 or 15 for 
revolutions and a single stroke out of 1,000 or 1,500 for mean 
effective pressure. It is, furthermore, too much to assume that 
the revolutions can be counted accurately for one minute with 
the ordinary means. Unless the observer is experienced and 
uses great care, the error will often rise to as much as one per 
cent. or more, while fractional parts of a revolution can not be 
satisfactorily approximated to in this way. The objection to the 
second method lies in the fact that the use of a mean value of 
the revolutions with a mean value of the mean effective pressure, 
even if the latter were correct, would not give a correct mean 
value of the power. The error is usually quite small; still it is 
none the less real, and its cause may be properly considered at 
this point. 

Work is proportional to the product of two factors—the force 
factor and the distance factor. The former is represented by the 
mean effective pressure and the latter by the revolutions. The 
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force factor is moreover directly proportional to the ship resist- 
ance, and the latter to the ath power of the speed, where x is 
usually from 2 to 2.5,approaching or even exceeding 3 at critical 
or high speeds. It follows that we may represent work in the 
form : 


W=AR*R=A 


Where 4 is nearly constant for moderate changes in the con- 
ditions, RX” represents the force factor and X the distance factor. 
Now, with all such algebraic forms it is a well known fact that 
with varying values of R, not being 1, the mean of the zth powers 
of R multiplied by the mean value of R will not be the same as 
the mean of the (z + 1)st powers of R. This may be illustrated 
by a simple and extreme case. 

Let & vary continuously from o to RX, and let = 2. Then by 
integration we have for the mean values of R? and R, R,? + 3 and 
R, +2. Hence the product would be R,3+6. The true mean 
value of the work will be represented by the mean of F°, and this 
is R34. In such case, therefore, the value derived by multi- 
plying the mean pressure by the mean revolutions would be less 
than the true mean in the ratio of 4to6. This is a range of varia- 
tion, of course, entirely beyond anything we are apt to meet with 
in engine trials, and is simply of interest as showing the extent to’ 
which such an error might rise. If we suppose more generally’ 
that the revolutions vary continuously from R, to R,, then we shall 
have for the ratio between the two values: 


2. (R, + (RF — 
Ri — 


If R varies continuously from 80 to 100 the resulting value of 
the ratio is about .992, or the error would be nearly one per cent. 
With a corresponding variation of R from go to 100 the value is 
about 998, and the error about one-fifth of one per cent. With 
values of m higher than 2 the errors would be relatively greater, 
With only moderate variation in the revolutions, however, it is 
readily seen that the error is quite within the usual range for 
engineering work of this nature. 
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Of these various sources of error in the determination of the 
mean power, that due to the variation of the mean pressure is 
apt to be the most important, and more or less so as the pressure 
is more or less irregularly variable. 

A continuous record of test data would, moreover, be of much 
value for many purposes other than the more correct determina- 
tion of the mean power. Many questions likely to arise in the 
detailed analysis of a test could be much more intelligently 
studied from data in this form than in the form usually found. 
We may, therefore, omit further discussion of the desirability or 
uses of such records and proceed to a consideration of the ele- 
ments involved in them and of ways and means of making them 
continuous. 

We take first the mean effective pressure. This depends on 
(1) the initial pressure, (2) the vacuum, (3) the point of cut off 
and other characteristics of the engine. Nowas tests are usually 
run, the cut off remains fixed throughout the entire time, and for 
the present, at least, we may consider that (3) remains constant 
for the entire test. We are therefore left with (1) and (2). If 
then we can determine experimentally any general relation con- 
necting the mean effective pressure with the initial pressure and 
vacuum, and can then obtain a continuous record of the latter, 
we shall have the means of determining a continuous record of 
the former. The relation sought must be determined by experi- 
ment and consists in fact of a calibration or standardizing trial, 
in which the steam pressure and vacuum will be determinately 
varied, and indicator cards will be taken. Suppose for example 
that the working pressure is 150 pounds by gauge, and that 
about 25 inches of vacuum can be carried. Then suppose the 
ship to steam ott in free route, and let the pressure be varied 
from say 135 or 140 to 160 by 5-pound increments, the vacuum 
being kept as nearly as possible constant at the 25 inches. Cards 
are taken from all cylinders when the initial pressures are at the 
desired points, or at least observations of pressure are made 
simultaneously with the taking of the cards. For proper assur- 
ance these observations should doubtless be repeated, so that two 
series of cards would be obtained, one on a rising and one on a 
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falling pressure. Then let this work be repeated at a vacuum 
of about 20 inches, lowered by slowing the air or circulating 
pump, or by the admission of air into the condenser. This will 
comprise all ordinary range of variation for vacuum, and will 
complete the observations for this point of cut off. The cards 
being measured up, preferably of course by planimeter, will give 
values of the mean effective pressure for each end of each cylin- 
der, which can be plotted so as to give lines showing the continu- 
ous relation between initial and mean effective pressures, each 
for a single value of the vacuum. By interpolation we may then 
readily determine the value of the mean effective pressure cor- 
responding to any value of the initial pressure and vacuum 
contained between the limits of the observations. 

In order to make use of this information for the determination 
of mean effective pressure, we have on the actual trial simply to 
provide for the continuous record of the steam pressure and 
vacuum. ‘This may be most readily done by recording gauges, 
or, if they are not available, by readings taken by an observer at, 
let us say, quarter-minute intervals. Such readings give to all 
intents and purposes a continuous record, and will answer quite 
as well as the record from a recording gauge. In any case, of 


' course, the gauge which gives the continuous record should be 


the same as that from which the pressures were read on the pre- 
liminary or calibration trial. It may also be noted that it is of 
no particular importance whether or not this gauge is accurate in 
its indications, since its only purpose is to enable us to connect 
conditions at any given instant on the actual trial with the mean 
effective pressure as derived from the cards taken on the calibra- 
tion trial. The gauge should, of course, be sensitive and constant 
under constant conditions, but need not be correet absolutely in its 
indications. 

In a similar manner a continuous record of the vacuum should 
be determined. 

Having thus a continuous record of the steam pressure and 
vacuum, and a continuous relation between these and the mean 
effective pressure as determined by calibration, we may determine 
a continuous record of the mean effective pressure. The assump- 
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tion here implicitly made is, of course, that the condition of the 
engine is the same, or at least that all influences which may affect 
the mean effective pressure are the same as on the calibration 
runs. We shall recur to this at a later point. 

We have next to consider ways of obtaining a continuous record 
of the revolution per minute. For this there are forms of record- 
ing tachometers which might answer the purpose. In default of 
such instruments we may instead read the counter every quarter 
or half minute, putting down the numbers in succession, but mak- 
ing no attempts at subtraction to find the differences. Here 
again, as we shall show later, absolute accuracy is not so desir- 
able as relative correctness of value. With correct relative values 
and the true total integration of the revolutions, as given by the 
counter, we shall see how the record derived may be made cor- 
rect both relatively and absolutely. This being done, we shall 
have continuous records of both mean effective pressures and revo- 
lutions, and hence by their combination a continuous record of 
the work and power in each end of each cylinder, and hence by 
summation a continuous record for the power as a whole. 

Having thus discussed the method in the abstract, it may be 
of interest to proceed to the examination of the data and results 
of a trial made in this way. The trial was made on Cayuga Lake 
‘during the past summer under the writer's immediate supervision, 
the vessel used being the steam yacht C/ara, belonging to Mr. 
Charles Kellogg, of Athens, Pa., through whose kindness the 
experiment was made possible. The principal dimensions of the 
Clara are as follows : 


Draught, féet and inches, . 


The engine is compound, the cylinders being 10 inches and 
Ig inches in diameter by 12 inches stroke. 

Calibration runs were made at steam pressures by the boiler 
gauge of 70, 80, 90, 100, 110 and 120 pounds for two positions of 
the link, and for nearly constant vacuum at 23.5 inches. Two 
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cards were taken for each set of conditions, an ascending and a 
descending series, thus making in all 24 sets of cards. This 
formed the calibration data. To show its application, a short 
trial run of 30 minutes was then made, in which readings were 
taken every 15 seconds for steam pressure, vacuum and counter. 
No cards, of course, were taken during the latter run or actual 
trial. The steam pressure and vacuum were allowed to freely 
vary, the range of the former being about 30 pounds and of the 
latter about 2 inches. 

The cards taken during the calibration run were then worked 
up for mean effective pressure. The results for the cut off used 
on the trial are shown in Figures 1 and 2. These will be readily 
understood without special explanation. The results for the 
other cut off are quite similar, and need not be repeated. 

As might be anticipated, the relation between the initial pres- 
sure and the mean effective pressure is practically linear. This 
naturally follows from the fact that, except for thermodynamic 
interactions, the mean forward pressure must vary directly with 
the initial pressure, and with the general combination of valve 
events and expansion ratios. But the latter are designedly left 
constant by a fixed position of the link, so that except for second- 
ary modifications due to different thermodynamic relations be- 
tween the mean forward pressure and the initial pressure, the 
former should be a linear function of the latter. The same is 
true for the back pressure except for the influence of the conden- 
ser pressure, which is supposed to remain constant. Hence, ex- 
cept for thermodynamic reasons, the mean effective pressure 
should vary as a linear function of the initial pressure. This is 
borne out by the diagrams, the values for the most part falling 
very close to a straight line’and showing no conclusive tendency 
toward a curvature in either direction. Whether this linearity of 
law would hold more generally, or for a wider range of pressures, 
is a point admitting of doubt. For a moderate range of pres- 
sure, however, there seems no reason to question the practical 
linearity of the law. This being accepted, the work of calibra- 
tion would be very much reduced, two or three points well de- 
termined being all that would be necessary. Another point 
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plainly shown was that the high pressure mean effective pres- 
sure was practically independent of such variation as occurred in 
the vacuum, the range of variation being about 2 inches. This 
may also be readily understood when we remember that the only 
influence of the condenser pressure on the high pressure cylin- 
der is that due to the steam shut into the low by the closure of 
the exhaust. This influences the receiving line of the L.P. card 
and hence the back pressure of the H.P.card. In amount, how- 
ever, this influence is so small as to be within and obscured by 
the necessary observational uncertainties attending all such work. 
It was also shown that for a range of vacuum variation not greater 
than that above mentioned, viz., 2 inches or about 1 pound, the 
effect on the L.P. mean effective pressure was simply addative or 
subtractive by the amount of the variation. This also is readily 
seen to follow from the consideration that a change in the vacuum 
means practically a raising or lowering of the back pressure line all 
along by the same amount. Actually this difference is increased 
on the compression line, but the influence of this is too slight to 
practically affect the simplicity of the relation for slight changes 
in the vacuum. 

For wider changes it would doubtless be preferable, as pre- 
viously suggested, to make separate runs at a considerably re- 
duced vacuum in order to have the influence of this variation 
strongly marked. The results of the calibration are therefore 
plotted as shown in the figures. For the H.P. one line is suffi- 
cient; for the L.P. three are shown for varying vacuum, thus 
making it simple to obtain by interpolation the value for any ini- 
tial pressure and any vacuum within the range of the observations. 

We pass next to the data taken on the 30-minute run repre- 
senting the actual trial. The steam: pressure and vacuum were 
read as above explained, and the results are shown plotted on a 
time abscissa in figure 3. In this diagram, C O is the record for 
the steam pressure and £ F that for the vacuum. With regard 
to the data for revolutions, an inspection of the counter readings 
showed that the best mode of treatment would be the following. 

The first reading was subtracted from the fifth, or from that 
taken one minute later. This difference was considered as giving 


‘ 


DETERMINING A CONTINUOUS RECORD OF A MARINE ENGINE. 9 


a value of the revolutions for the first minute. This number was 
then plotted as an ordinate at the abscissa } minute, or, in other 
words, at the middle of its range. Reading number 2 was then 
subtracted from number 6, and the result was taken as the number 
of revolutions for a minute located 15 seconds later than the first. 
This value was plotted at an abscissa ? minute, or 15 seconds be- 
yond the first point. In like manner the difference between read- 
ings 7 and 3 was plotted on abscissa 1 minute,and soon. The 
result was a series of numbers of revolutions per minute for 
minutes located 15 seconds apart along the scale of abscissa. The 
result gave a fairly continuous curve, with here and there a few 
scattered points due to the necessary errors of observation in such 
cases. The mean path through such points was, however, clearly 
indicated by the general direction of the curve on either side, and 
there was no difficulty whatever in drawing a line which was 
clearly a very close representation of the law of the revolutions. 
This is shown at A 2. 

While the ordinates of such a curve might be quite correct 
relatively, they might, nevertheless, be somewhat in error abso- 
lutely. In order to test the latter point the following method was 
used. The integration of the curve would, of course, furnish a 
mean value of the revolutions for the entire time interval. The 
true mean revolutions, however, would be given by the total in- 
tegration as furnished by the counter, divided by the number of 
minutes in the total time interval. If these two values closely 
agree, we may conclude that the curve derived as in A B, figure 
3, gives values substantially correct both relatively and absolutely. 
If not, its relative indications may still be taken as the most re- 
liable to be obtained under the circumstances, and the whole series 
of ordinates of the curve may be multiplied by the ratio between 
the true mean revolutions and the value derived by the integra- 
tion of the curve. We may then consider that the results will be 
correct both relatively and absolutely to as high a degree as can 
be derived from the data in question. 

In the present case, the first value was derived by integrating 
the complete set of ordinates at 15-second intervals by parabolic 
rule. The result was 228.36 revolutions per minute. The true 
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mean, as derived by subtracting the first counter reading from the 
last and dividing by 30, gave as a result 228.46. The agreement 
is remarkably close, the difference being less than one part in 
2,000, and therefore falling far below significance in engineering 
work of this character. We may therefore safely conclude that 
the curve AB thus derived represents to a high degree of accu- 
racy the continuous history of the revolutions throughout the 
run. The close agreement in general character between the 
curves for initial pressure and for revolution may be noted, the 
slight variation in the latter being probably due to wind puffs or 
to other accidental causes. 

This point being reached, the remainder is simply a matter of 
detail. 

The mean effective pressure for each end of each cylinder is 
read off, and if desired may be plotted as in figure 4. These, 
combined with the revolutions, give the work in each end of each 
cylinder. This is shown in figures 5 and6. Finally, by addition, 
the total work is found, and this is shown plotted in figure 7. In 
these latter or final resultant curves, the values are plotted at 
minute intervals, a continuous smooth curve through such points 
giving all significance of representation. It is not necessary, of 
course, to plot, as in figures 4, 5 and 6, the curves of mean effective 
pressure and of work in each end of each cylinder. They are 
here shown in order to fully illustrate the successive steps from 
first to last. As an additional point, it may be mentioned that 
the actual diagrams are plotted on the usual cross section paper, 
in which each of the divisions shown in the diagrams is divided 
into ten parts. For simplicity the principal divisions only are 
shown here, as they are sufficient to illustrate the principles in- 
volved. As a final point, the power curve of figure 7 was inte- 
grated and the value of the mean power was found to be 105.23. 

A comparison between this result and that given by individual 
cards taken at various intervals will not be without interest. 
Taking each card with its own revolutions, we should have the 
following results : 

With intervals of 15 minutes, the first card being taken 7} 
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minutes after the beginning of the run, we have 115.3 as the 
mean power. 

With intervals of 15 minutes, the first card being taken at the 
‘beginning of the run, we have the value 95.7. 

With intervals of 10 minutes, the first card being taken 5 min- 
utes after the beginning of the run, we have 109.2. 

With intervals of 10 minutes, the first card being taken at the 
‘beginning of the run, we have 102.6. 

With intervals of 7} minutes, the first card being taken 3} 
minutes after the beginning, we have 109. 

With intervals of 74 minutes, the first card being taken at the 
‘beginning, we have 103.4. 

With intervals of 5 minutes, the first card being taken 2} min- 
utes after the beginning, we have 109.2. 

With intervals of 5 minutes, the first card being taken at the 
beginning of the run, we have 105.4. 

The closeness of the last result to the true value is quite acci- 
dental, as may be seen by noting that with the same time interval, 
differently located, the result is 109.2. It is not, in fact, until we 
reach a time interval of 3 or 4 minutes that we can depend upon 
an error not greater than about one per cent. If, instead of using 
with each of the above selected values of the mean effective pres- 
sure the corresponding value of the revolutions, we should find 
from them a mean mean effective pressure, and use this with the 
true mean revolutions as deduced from the counter, we should find 
somewhat more accurate results. Still, with this method, it is 
not until an interval of about 5 minutes is reached that the error 
is reduced to about one per cent. It may be noted, however, 
that the relative fluctuation of the conditions on the above trial 
was greater than would be experienced in any ordinary case. 
This would, of course, decrease the probable error of the results 
in comparison with that illustrated above. Cards can, of course, 
be taken at 4 or 5-minute intervals if a sufficient number of ob- 
servers are provided, but in such case the labor involved in work- 
ing up the data for a three or four-hour trial becomes excessive. 

We may next turn to a brief examination of the changes in 
condition most likely to occur between the calibration and the 
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actual trial, and of their probable influence on the results. We 
will first consider the changes most likely to affect the revolu- 
tions, the initial pressure remaining the same. Such are changes 
in displacement or trim, change in the character of the bottom, 
change in propeller, either as to pitch, diameter or surface. 
With all such changes the valve events and expansion ratios 
remain constant, and the only influence of varying revolutions 
is by way of the effect due to wiredrawing through the ports 
and passages as influenced by varying piston speed. Unless the 
variation in revolutions and piston speed is extreme, it does not 
seem likely that such influence would be appreciable. So far, 
therefore, as such changes are concerned, the result would seem 
to be quite independent of any changes likely to occur. 

The next condition to be noted is the quality of the steam. 
There is no doubt but that the expansion line is somewhat de- 
pendent on the amount of water introduced into the cylinder with 
the steam, or, still otherwise, that under the same pressure and 
with the same valve events, slightly different cards may result 
with considerable variation in the quality of the steam. Under 
ordinary conditions where the quality remains within a range of 
a few per cent., this influence is not likely to be appreciable, and 
ordinarily no trouble would be experienced from this cause. 
Care should be taken however, that on both the calibration and 
actual trials the regimen of the boilers, the number used, the 
nature of the feed and all conditions on which quality depends 
should be as nearly as possible the same. We may also .note 
here the result of sudden and excessive priming. In such case, 
for the time being, all normal relation between the initial and the 
mean effective pressures is lost, and the data for such period 
should be eliminated. This may readily be done, the abnormal 
period being denoted by the sudden drop in revolutions conse- 
quent on this condition. The method is therefore readily 
applicable to the elimination of such data, and to the determina- 
tion of a mean free from abnormal influences of this nature. 

It therefore appears that the conditions whose constancy is the 
most important are those which may influence the quality of the 
steam, and that moderate changes in the ship or propeller are not 
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likely to produce changes of any moment in the relations between 
the initial and mean pressures. 

In addition to the uses of this method in conducting a trial, it 
may be mentioned that the information thus derived might often 
be of value for the approximate determination of the power from 
readings taken directly from the steam and vacuum gauges and 
counter. 

So far as the actual true mean value of the power is concerned, 
the results of these observations indicate, when the firing is fairly 
uniform and the steam pressure varies slowly through a range of 
perhaps not greater than 5 to 10 per cent., that we should expect 
the results as derived in the usual way to give all the accuracy 
significant in such cases. With wider ranges of variation, such 
as are shown in the present case, the ordinary method is likely 
to give errors of considerable amount as discussed above. 

As to whether the possibility of this superior accuracy would 
be of value in any particular case, is a point with which we are 
not here concerned. It is our purpose to show how a continuous 


record may be obtained. The question of its use in any given 
case must be settled by the consideration of the value in such 
case of the various items of information which such a record 
might be able to furnish. 
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PNEUMATIC SYSTEM OF U. S. S. TERROR. 


THE U.S. S. TERROR AND THE PNEUMATIC SYS- 
TEM AS APPLIED TO THE GUNS, TURRETS 
AND RUDDER. 


By Passep AssISTANT ENGINEER T. W. Kinkaip, U. S. Navy. 


The keel of the United States Monitor Zerror was laid in 1874 
at Cramp’s shipyard, Philadelphia. Her sister ships are the 
Miantonomoh, Amphitrite and Monadnock. The displacement, 
commonly given as 3,990 tons, is normally about 4,100. The 
vessel entered upon her first commission on April 15, 1896, at 
the Navy Yard, New York. 

The ship was not given lines for high speed, and eight or nine 
knots is considered good steaming with clean bottom and smooth 
water. She can, however, be forced up to ten knots. 


GENERAL DATA. 
Length on L. W.L., feet and inches 
Beam, feet and inches 
Draught, maximum, feet and inches 

Thickness of hull plating, inch 

of protective deck, inches 

side armor, nickel steel, inches 

wood backing, inches 
Number of bulkhead water tight compartments 

double bottom compartments 
Mean free board, inches 


The engines are of the inclined, compound, direct-acting type, 
completely jacketed. The starboard cylinders belong to the port 
shaft, and vice versa. Each L.P. piston has two rods, 44 inches 
diameter, and each H.P. piston has one rod, 5 inches diameter. 
None of the bearings contain antifriction metal. The con- 
denser is underneath of and forms the bed for the two main 
engines. Each cylinder is fitted with Meyer cut off valves. The 
rods are packed with Katzenstein’s metallic packing. 
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MACHINERY DATA. 


Diameter, H.P. cylinder, inches......... 

Cooling surface in condenser, square feet 

Diameter and stroke of circulating pump cylinder, inches IL and 12 
of runner for circulating pump, inches 35 
and stroke of two air pump steam cylinders, NOE iienecusease It}and 24 
and stroke of two air pump water cylinders, inches. .” 16 and 24 

Number of single-ended, 3-furnace boilers.................cecseeeeeceeees 

Total grate surface, square feet 

heating surface, square feet 

Diameter of shell, feet 

Thickness of shell, inch 

Working pressure, per gauge, pounds per square ‘inch 

Diameter of smoke pipe, feet and inches.................ccsscsescescescesssesees 

Height of smoke pipe above grate, feet and inches 

Number of fire room blowers 

Diameter of fans, inches 
and stroke of steam cylinders (2), inches 

Area of outlet, square feet 


There is no evaporator. 

The bunker capacity is nominally 285 tons of bituminous coal; 
but, on account of the presence of numerous ventilating ducts, 
265 tons is the actual maximum. 


VENTILATING SYSTEM. 


The ventilating system is elaborate. Two of the 50-inch fans 
which supply the fire room are ordinarily used to exhaust from 
the forward berth deck. The other two fire room fans take fresh 
air from the armored duct and deliver part to the fire room and 
the remainder for general ventilation; or, all of the fresh air may 
be directed to either use alone. Two more 50-inch fans, located 
in the engine room, exhaust from the after berth deck and de- 
liver into the enclosed spaces back of and over the boilers, whence 
air is discharged through holes in the armored deck into a cas- 
ing surrounding the smoke pipe. All of the six main ventilating 
blowers can be arranged to draw fresh air from above. The dis- 


15 
| 
| 
| 
j 
| 
| 
| : 
| 
} 


16 PNEUMATIC SYSTEM OF U. S. S. TERROR. 


charge of air into the spaces above the boilers is intended to 
ameliorate the temperature of the superstructures. The latter 
contains the crew’s mess room, galley, water closets, pay office, 
armory, sick bay, executive officer’s office, captain’s office, war- 
rant officers’ mess room, and one state room. 

Two 30-inch steam fans, one for exhaust and the other for. 
supply, are provided in the engine room for the special ventila- 
tion of that compartment. 

The bunkers are supplied with fresh air through pipes which 
tap the downcasts toblowers. The exhaust from the bunkers is 
led to a breeching at the bottom ofa 2-foot pipe concentric with 
the smoke pipe. This draft pipe also serves to draw some of the 
hot air from the fire room. A cone valve at the top is worked 
by a rod and lever in the fire room. 

A 24-inch supply main runs fore and aft the ship on either side 
and admits air to the berth deck through louvres in the deck. 
Branches lead to the various store rooms and magazines. 

Parallel to the supply mains run the exhaust mains, with 
branches overhead on the berth deck. All the living spaces on 
the berth deck have both supply and exhaust ventilation. 

In addition to what has been already mentioned, the Zerror has 
the usual auxiliary machinery. 


ARMORED STRUCTURES, 


The armored structures on the 7error consist of two main tur- 
rets, armored smoke pipe and armored ventilating tube. 


Diameter of each turret, external, feet and inches.............ccceecececeeseees 24-2 
Thickness of turret armor, nickel steel, inches................sssccsceeeeeeeeeeees 113 
Height of turret armor, feet and inches,..............sscsecsescssseceesceesecseees 6-3 
Thickness of smoke pipe and ventilator armor, inches......................4+ 6 
Height of smoke pipe and ventilator armor, feet...............scscseeeeeeeeeeee 4 
Internal diameter of armored ventilator, feet and inches ..................2+. 5-6 
Weight of one 10-inch gun, pounds.,.............cccccccccsssseessescsseeseecceees 56,400 
turret and contents, tons, 


PNEUMATIC SYSTEM. 


Of course, the foundation of a good pneumatic plant is a proper 
contrivance for furnishing an abundant supply of compressed air. 
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The two compressors on the Zerror are special designs of the 
Norwalk Iron Works, and are shown in the cut. They were put 
into the ship about three years ago. Necessarily, they are more 
compact than the ordinary commercial form of machine. They 
are very heavy and there is considerable friction; but the ma- 
chines are not too large for extreme requirements. 


Stroke of all pistons and plunger, inches....................ccecseceececeeseeeseeeees 24 
Floor space occupied by one compressor, feet and inches..................4. 14-6 X 9-6 
Maximum height of compressors, feet and inches ...................2.ceeeeeeeeees 5-6 
Weight of one compressor (estimated), pounds ...................cceceeceeeeeeeees 24,000 


Although each turret has one of the compressors near by, a 
communicating pipe between the machines allows either com- 
pressor to operate either or both turrets. The receiver pressure in 
the compound compressor is about 26 pounds per gauge, and 
the final pressure, used for the ordinary purposes of the system, 
is 125 pounds per square inch. The small plunger operated by 
the machine takes air at 125 pounds, and compresses it to 1,200 
pounds or more, as may be required; but 550 pounds is about 
the right pressure for the recoil cylinders. The mean recoil with 
this pressure has been about 30 inches. The high pressure ser- 
vice is needed only in case of leakage from the recoil cylinders. 
The intake valves on the L.P. air cylinder are simple cast iron 
Corliss valves, all the other valves onthe compressor being spring- 
seated mushroom valves. The air cylinders and the two receiver 
cylinders are water-cooled, a small duplex pump, with steam cylin- 
der 44 inches, water cylinder 34 inches in diameter, and stroke 4 
inches, giving the necessary circulation for both compressors. 
The communicating pipe, after a short service, becomes too hot 
to be borne by hand. 

The greatest tax on the compressors is caused by the turning 
engines, of which there are two in each turret. The motors run 
at high speed and are reversed and stopped by means of the well- 
known shifting eccentric, operated by levers from the raised plat- 
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form between the guns. The motor shaft carries a worm which 
gears into a bronze wheel held by friction to a vertical shaft. 
The latter is spur-geared to a second shaft carrying the pinion 
which operates the turret by contact with a large internal cast 
steel gear. Should the turret receive a heavy turning impulse, 
such as would be imparted by a glancing shot, for instance, it is 
expected that the friction connection of the bronze worm wheel 
would save the gear teeth from rupture. The weight of the turret 
is borne on conical bronze rollers carried in a circular cage. 

The storage capacity of the pipe leading from either com- 
pressor to its neighboring turret is so small that the turret can be 
moved within two or three seconds of the time of starting the com- 
pressor. When the compressors, on the recent sea trial, were 
driven to their utmost capacity, in order to establish a record for 
turning the turrets, their speed at first was about 96 revolutions 
per minute, but this was somewhat reduced by priming. 

Two automatic stops, secured to the floor of each turret cham- 
ber, operate on the reverse shaft of the training motors and pre- 
vent the turret from turning too far. 


Diameter of communicating main, inches.................ccecescecseseeeeceees 8 
Storage capacity of communicating main, cubic feet, about................. 60 
Diameter of recoil service main, nominal, inches.......... Scpcdstanan tose 2 
L.P. service pipe to each turret, inches ..............:.2000006 24 
recoil service pipe to each turret, inches ...............42.0-+5 1} 
cold water pipe to each compressor, inches.................. 1% 
Number of training motors to each turret .............ccceescceeceeceeeeeeeeees 2 
Pitch diameter of internal gear of turret, feet and incher,,....6 soscicessese 14-10 
Time of train through 270 degrees, least, seconds.................ceeeee00-+ 52 
slowest, minutes ............... 21 
Least air pressure required to operate motors, pounds per square inch,, 20 


The elevation of the gun is controlled by a ram with rounded 
head bearing on the lower side of the rear transom of the gun 
carriage. This ram is operated by glycerine (80 per cent. glyc- 
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erine, 20 per cent. water), fed from a vertical tank inside the 
turret. A glass gauge near the top of the tank shows the level 
of the glycerine within; and the requisite working pressure is 
obtained from the air admitted through a small pipe in the top 
of the tank. The admission and exhaust valves are balanced 
slide valves operated by suitable levers. The valves are situated 
both in the air and the glycerine pipes, those in the latter giving 
the desired lock action. 
The exhaust for the glycerine is back into the tank. 


Shortest time from greatest elevation to greatest depression, seconds........ 32 


depression to greatest elevation, seconds....... 


It will be seen that a sufficiently slow motion can be given to 
the ram to secure a fine adjustment of elevation. 

The ammunition car travels on curved Z-bar guides provided 
with notches which engage with pawls on the car. The pawls 
are held against the notches by springs during the ascent, thus pre- 
venting the accidental fall of the car. The gun carriage supports 
a heavy bracket which not only carries the rammer, but provides 
the necessary stop for the car, so that the car may be always held 
with its lower chamber in line with the rammer and the bore of 
the gun. The rams for the ammunition cars are located between 
the two guns. They carry six multiplying sheaves. The hoist- 
ing rope reeves over a sheave co-axial with the horizontal pivot 
of the gun carriage; consequently the position of the car rela- 
tive to the bore and the rammer does not change during a change 
of elevation of the gun. 

The three chambers of the ammunition car are held in a ring, - 
mounted on rollers and sustained in one of three positions by a 
spring catch. When the car first ascends, the lower chamber 
carries the projectile, the other two chambers containing the two 
powder cartridges. The stop on the bracket maintains the car in 
such position that the lower chamber is in line with the bore of 
the gun. A stroke of the rammer sends in the projectile, a pe- 
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culiar thud indicating that the shot or shell ishome. The catch 
is released and one of the cartridge chambers is revolved, almost 
by gravity, into the loading position. After the full charge is in 
the gun and the car lowered, a turn of a valve'slides the breech 
plug into line and the rammer sends it in. The necessary sixth 
of a turn to lock the plug is given by hand. 

As soon as the gun is fired, it is returned to battery by the 
compressed air in the recoil cylinders. The rammer reaches out, 
a rotary catch on the plug is moved, and the return stroke of the 
rammer withdraws the plug. The plug being withdrawn, the 
catch does not interfere with the transverse motion of the plug 
motor, which now moves the tray and plug to one side. A jet 
of air commences to play into the bore to drive out the smoke. 

Down in the loading room the shell is run out on a trolley to 
meet a loading tray swung on the central column. When the 
tray has been rotated sufficiently, the movement of a vertical ram; 
by means of rack and pinion motion, elevates the tray and cants 
it sufficiently to cause the projectile to slide down into its proper 
chamber in the loading car. The two powder charges. of 120 
pounds each are easily put in, and the car is ready to rise. Just 
before the car completes its ascent, it strikes and throws into the 
lower slot of the screw box a hinged filling piece, called a load- 
ing tray, which gives a flush surface on which to push in the pro- 
jectile and powder. After the last bag of powder is rammed in, 
the filling piece is automatically swung back out of the way by 
the action of a cam on the breech plug motor as it slides the 
plug over into position. The telescopic rammer is constructed of 
composition. Future designs will call for some harder material, 
probably tool steel, which will withstand upsetting action. The 
withdrawal of the rammer is accomplished by the proper location 
of small holes through each tubular element, which, while the 
main portion of the telescope cylinder is exhausting, allow air to 
enter successively the spaces formed between contiguous tubes 
and bounded by their collars. The location of these holes is 
chosen to ensure a proper cushion. When the rammer is ex- 
tending, it is impossible to tell which tube will protrude first; 
but, in closing up, the larger tubes must come in first. 
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The breech plug motor is supplemented by a hand screw, which 
can be thrown out of action by lowering a half nut attached to 
the motor frames. The motor is somewhat similar in principle 
to one element of the telescopic rammer. 


Diameter of ammunition hoist cylinder, inches 15 
Diameter of sheaves, inches 
Multiplication of stroke 
Diameter of steel rope, 6 strands, inch 
Diameter of pipe to hoist cylinder, inch 
largest tube of rammer, inches 
smallest tube of rammer, inches 
Greatest extension of rammer, inches 
Diameter of air pipe to rammer, inch 
holes for withdrawal stroke, inch 
e jet for bore, inch 
breech plug piston, inches 
Time of withdrawing breech plug and swinging it to one side, seconds...... 17 


The recoil cylinders, two to each gun, are secured to the gun 
saddle. The pistons within the cylinders remain stationary ; the 
cylinders recoil with the gun. The piston rods, which are se- 
cured to the rear transom of the carriage are large and stiff, so 
large in fact that, with ‘the air pressure the same on both sides of 
the piston, the gunis kept run out. When the gun is fired, there 
is, of course, a banking up of air pressure before the piston, but 
an ingenious valve rod, tapered in the middle, advances with the 
cylinder and allows sufficient air to pass from one side of the 
piston to the other to restrain the rise of pressure within the de- 
sired limits. The valve rod is full at each end, so that a proper 
cushion is ensured at the limits of the recoil and of the counter 
recoil. The exact proportions of the valve rod were determined 
experimentally. The action of the recoil mechanism is very 
satisfactory and has been much admired. 

A check valve on the supply port at the end of the recoil 
cylinder prevents undue leakage, and the recoil cylinders have 
stood for weeks with an almost imperceptible loss of pressure. 

The air for the rammer and plug motor is carried to the gun 
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«arriage, near its pivoted end, in pipes with hose connection, but 
the recoil service pipe is rendered flexible by being coiled like a 
spiral spring, and thus hinge joints are dispensed with. A tele- 
scope joint is used for the breech plug motor suppiy pipe. 


Diameter of recoil piston, inches 
valve rod, greatest, inches 
shell, pounds 
Muzzle velocity, feet per second 
energy, foot tons, about 
Energy of recoil, estimated from indicator diagram and friction allowance, 
foot pounds 
‘Mean velocity of recoil, feet per second 
counter recoil, feet per second 
Maximum pressure in recoil cylinder, pounds per square inch 
Mean effective pressure, pounds per square inch 
‘Pressure required to run gun out on level, pounds per square inch 
Pressure in recoil cylinders, when, at 13 degrees elevation, the gun comes in 
by gravity, pounds per square INC 
Pressure required to run gun out at 13 degrees elevation, pounds per square 


The central column in each turret carries sleeves which re- 
ceive the air from the supply pipes and distribute it to the vari- 
ous motors above. The center of the column carries a shaft for 
operating the steering mechanism. Each turret also contains a 
lever and rheostat for electric steering ; the wires being led down 
the central column. 

There is not much head room on the upper turret platforms; 
and the forward turret, in the absence of a conning tower, must 
accommodate not only the turret officer but the captain as well. 

There is at present no direct signal gear to the engine rooms, 
.a voice tube relay through central station being depended upon. 

As the maximum train of the turrets is only 270°, there would 
‘be no difficulty connected with the lead of additional electric 
wires and flexible voice tubes. 

The pneumatic steering gear is simple and powerful. Two 
athwarthship cylinders, whose pistons are attached to the same 
heavy piston rod, are firmly secured to castings built into the 
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ship; the round stern of the Zerror being peculiarly favorable to 
the athwartship arrangement. At midlength, the piston rod 
carries a slotted head, the brasses of which permit the sliding of 
the tiller as its angularity changes. The two cylinders are re- 
spectively to starboard and to port, and only their outboard ends 
are utilized as motors. The common piston rod is so large that 
only a small area is left on the inboard face of each piston. The 
inboard ends of the cylinders are connected by a pipe in which 
there is a controlling piston valve, operated by the same me- 
chanism that admits air to and exhausts it from the outboard ends 
of the cylinders. The distribution of air is effected by a simple 
slide valve receiving its motion from a “ float lever,” one end of 
which is controlled by an arm projecting from the rudder head. 
The float lever receives its initial motion from a threaded spindle 
working in a nut on the lever. The spindle can be revolved in 
various ways, to be mentioned hereafter. When the distributing 
slide valve is in mid position so also is the controlling valve ; 
the latter preventing any exchange of air between the inboard 
ends of the cylinders. Any rotation of the threaded spindle 
moves both the distributing valve and the controlling valve, one 
valve supplying the power and the other relieving the elastic lock. 

The threaded spindle, which operates the float lever, lies in a 
fore-and-aft direction and carries various clutches, all but one of 
which engage with sprocket wheels. At the end of the spindle 
is a clutch which engages with an electric motor geared down by 
worm gearing. The wires from the motor lead to the rheostat 
at the steering stations in each turret and in the pilot house. The 
same stations are provided with small wheels which give motion 
to small wire ropes led to drums in the steering room. Each 
drum has its separate sprocket chain connection to the screw 
spindle of the steering gear. So long as there is a supply of air, 
the principle of the float lever insures the motion of the tiller in 
obedience to that of the screw spindle. 

Each steering wheel is provided with a geared index which acts 
as a tell tale or indicator of the rudder’s motion, or, rather, of the 
motion which the rudder should have as a result of the motion 
imparted to the screw spindle of the float lever. It is proposed 
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to connect the tell tales directly to the rudder post. The officer 
of each gun has under his feet, just above the central column, a 
circular index with two concentric circles, one showing rotation 
of turret, the other the helm angle. 

In order to deaden the noise of exhaust from the various pneu- 
matic cylinders, the exhaust pipes have been arranged to dis- 
charge into vessels or pipes containing pebbles, a simple muffler 
which is very efficient. 

Diameter of steering pistons, inches 

Stroke, hard over to hard over, feet and inches 

Least tiller radius, feet 

Least time, hard over to hard over, 120 pounds air pressure, at dock, seconds, 
Area of rudder, square feet 

Width of rudder, unbalanced, feet and inches 

Minimum air pressure that has been used for steering in smooth sea, pounds 

per square inch 
Diameter of drum ropes, inch 
Least pressure to move steering gear at dock, pounds per square inch 


All sheaves have ball bearings. There is a carbon contact, 
electrical cut-out operated by an arm on rudder head. This 
keeps the steering motor from overruning. 


Controller 


“ 


Reversing Rheostat and Cut-out for Steering Gear Motor. 
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The packing for nearly all face joints is +y-inch “common 
sense” sheet metal. On the steam cylinder heads, copper gaskets 
are used; while on the air heads, paper is employed. For most of 
the rams and pistons, Tuck’s square packing or machine-braided 
hemp is used. The pump plunger for the high pressure service 
is packed with cup leathers, lubricated by a pipe from an oil res- 
ervoir. The breech plug motor is also leather-packed. 

For the low pressure service (125 pounds), single thickness, iron 
steam pipe is used, except in some places where extra strong pipe 
is needed to provide against external wear and tear. For the 
high pressure service (550 pounds), extra strong and double extra 
strong pipes are used, according to location. 

The pipes in the turrets are all of very moderate diameters and 
are not in any way obstructive. 


DATA OF PERFORMANCE. 


Date of experimental firing, after turret August 28, 1896 
1st Shot. Elevation of gan, 8 degrees. Charge, 75 pounds brown prismatic 
powder. 

Initial velocity, foot-seconds 

Pressure in recoil cylinders, pounds per square inch 

Recoil, inches 
2d Shot. Same elevation. Charge, 120 pounds. 

Initial velocity, foot-seconds 

Pressure in recoil cylinders, pounds per square inch ............ eonse 

Same elevation. Charge, 178 pounds. 

Initial velocity, foot-seconds 

Pressure in recoil cylinders, pounds per square inch 

4th Shot. Same elevation. Charge, 240 pounds. 

Enitial veIscity, 2,000 

Pressure in recoil cylinders, pounds per square inch 550 

Date of experimental firing, forward turret August 31, 1896 
ast Shot. Elevation, 8 degrees. Charge, 120 pounds. 

Pressure in recoil cylinders, pounds per square inch 

Maximum pressure in recuil cylinders, pounds per square inch... 525 

Recoil, inches 21} 
2d Shot. Same elevation. Charge, 178 pounds. 

Pressure in recoil cylinders, pounds per square inch 

Maximum pressure in recoil cylinders, pounds per square inch .,. 

Recoil, inches 
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3d Shot. Same elevation. Charge, 240 pounds. 
Pressure in recoil cylinders, pounds per square inch 
Maximum pressure in recoil cylinders, pounds per square inch..... 
4th Shot. Charges, 240 pounds each. Both guns simultaneously. 
Pressure in recoil cylinders, pounds per square inch 
Elevation, degrees 


Times of loading, Nov. 21, 1896. Best time from fire to fire, 
I minute and 37 seconds. Times of three shots from left gun, 
after turret, Ist shot, 1 minute and 55 seconds; 2d shot, 1 minute 
and 48 seconds; 3d shot, I minute and 49 seconds. 

The pneumatic system for working the guns, turrets and steer- 
ing gear is believed to possess advantages over the hydraulic and 
electric systems. Some of these advantages may be itemized as 
follows : 

1. There is absolute immunity from freezing; which advan- 
tage must, of course, be shared with electric systems. 

2. The operation of the various motors contributes to the com- 
fort of the men, as the exhaust improves the local ventilation 
and gives a reduction of temperature which is usually desirable. 
Hence the physique of the men is not impaired in time of action. 

3. Leakage is readily detected and stopped. Should it con- 
tinue, there would be no distressing increase of temperature, as 
with steam; or burning out of fuzes, as with electricity ; or drench- 
ing of the person and compartment, as with the hydraulic system. 

4. There is no danger from burns or electric shock. 

5. Motors can be started up instantly and stopped instantly 
without much danger of breakage. In this respect there is an 
advantage over steam and hydraulic systems. 

Although the installation of the Zerror's pneumatic system has 
extended over a period of years, the original contract calling for 
the completion of the work in 1889, yet much of the delay has 
been caused by changes in design, both on the part of the Gov- 
ernment and of the contractors. The experience already gained 
with the present plant ensures the possibility of rapid fulfillment 
of any future contract that may be made, and it is certain that a 
future design will show much superiority over that of the Zerror’s 
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outfit. The system as now in use has been subjected to many 
alterations, some of them quite radical, and at this writing, the 
revolving loading car and breech plug motor are undergoing im- 
provement. A non-revolving loading car, which promises to 
afford greater convenience and speed of loading, has already been 
designed. A small independent air compressor is being put up 
in the engine room to supply the air for steering. 

The time records given in this paper do not represent the best 
possibilities of the present installation, as the men had had but 
a few days’ acquaintance with the completed machinery when the 
record firings were made. 

The system is the invention of Mr. H. A. Spiller, vice presi- 
dent and engineer of the Pneumatic Gun and Power Co., of which 
Mr. W. R. Creecy is president. The work of installation has been 
under the personal supervision of Mr. E. D. Eldridge, who has 
had much experience with this line of work under former Govern- 
ment contracts. 

Many naval officers who have witnessed the performance of the 
Terror’s pneumatic system would doubtless be willing to adopt 
the system for use in ships now building, without giving any 
special consideration to the question of the weights involved. 
But Mr. Spiller is of the opinion that a new design, involving 
the latest pattern of high speed compressor and possibly reheat- 
ing of the air at the training motors, could effec: a saving in 
weight of at least ten per cent. over any hydraulic system now 
in use. It is obvious that a pipe of given size can transmit a 
greater power when used as an air conductor than when it is 
used, with the same factor of safety, for an hydraulic system. In 
addition, there are the two important facts that, with air trans- 
mission, no return pipe and no supply tank are necessary. 
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THE SPEED PROBLEM. 


By Mr. J.-A. NorMAND. 
[Read before the Association Technique Maritime, Paris. ] 


TRANSLATED BY ASSISTANT ENGINEER R. D. HaAssrouck, U.S. N. 


Having been invited by the Association to speak on the Forban, 
I find that there is no better way of replying to the invitation than 
in studying, in a general way, the question of the speed of torpedo 
boats. The Forban being only the last term of an increasing series, 
the law of the progress of speed will be easier to pick out if we 
consider the preceding terms. 

The figures which I will give come from torpedo boats of my 
construction, because these are the only ones which are nearly 
exactly known to me. 

It is principally in the small boats of 200 or 300 tons that 
the progress is manifest, and this because the phenomenon of re- 
sistance then presents a particular character which is impossible 
to discern in ships, of great displacement. 

This character consists in a rising due to the vertical component 
of the direct resistance, as I explained at our last meeting. 

Let 

D = displacement in tons. 

V = speed in knots. 

The direct resistance is proportional to D* V*, and this phe- 
nomenon of rising occurs when the ratio of the direct resistance 
to the displacement, 


attains a certain value. 


In a torpedo boat of 125 tons, it is at about 20 knots that there 
is a minimum of utilization. 
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Above this the utilization increases, and we have in this case, 
calling V the speed of minimum utilization, 


V? 400 _ 


The speed of minimum utilization is approximately given by 


the formula 
V.=9v D* (1): 


For a vessel of 300 tons we have 
V, = 9 6.695 = 23.3 knots, 


and for a vessel of 8,000 tons, 


V, = 9V 20 = 40 knots. 


It is not probable that we shall live long enough to see the 
verification of the formula for a vessel of 8,000 tons. 

The above figures are approximate, and should be corrected for 
the variations of the resistance with the absolute size; still the law 
appears certain. 

The principal lesson which the /ordan has taught us consists in 
having made evident the remarkable fact that the utilization in- 
creases gradually from 20 to 31 knots. We might fear that the 
slight increase in the utilization, observed at extreme speeds in all 
torpedo boats generally, might change sign*for greater speeds, 
but the following table shows that this is not so. 


Forban. 
Speed, knots. Utilization.* 
21.4 5.28 
25.7 5-55 
28.3 5.64 
30.4 5.72 
*These figures suppose a hull just out of dock, such as that of the Fordan at her 
official trial. The progressive trials took place at different times, when the hull 
offered more resistance. However, the law of the increase of the utilization with the 
speed should be as exact as possible, considering the difficulty of measuring the 
power at very high speeds. 
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We see clearly, from what precedes, why it is that in the small 
vessels speed has made the greater progress. 

This progress is considerable. Eighteen years ago the maxi- 
mum speed was from 18 to Ig knots; in 1889, it barely attained 
21 knots; in 1892, it suddenly jumped to 24 knots for the 80-ton 
torpedo boat and to 25.5 knots for the 120-ton boat. At last, 
after having slightly passed 27 knots on the Chevalier, it attains 
to-day more than 29 knots on the Boxer, 30 knots on the Sokol 
and 31 knots on the Fordan. 

We should deceive ourselves if we concluded that the speed 
had augmented, all other things being equal, 60 per cent. in this 
lapse of time. The above figures do not represent the curve of 
progress realized ; they should be corrected for differences of abso- 
lute size and of load at trial. I shall try to deduce the real law. 
Very few questions are of such great interest as this one. Its 
scope is far from being limited to torpedo boats, and the lessons 
which come from it find application on the largest vessels. 

Let 

V = maximum speed. 

maximum horse power. 

D = displacement in tons. 

a = fraction of displacement applied to the motive power 
complete, without spare parts or reserve supply of water, the im- 
portance of the latter being arbitrary. 

zx = weight per H.P. at maximum power. 

M, = corresponding co-efficient of utilization. 


We have 
3, 
V= 


Substituting this value of / in equation (2), we have 


3la 
7 D* 
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Formula (3) is as general as formula (2), and can be applied 
like (2) to all kinds of vessels. In a form, very little modified, 
this formula shows the causes of the progress realized. 

It shows that the maximum speed depends 

(1.) On the utilization. 

(2.) On the fraction of total displacement employed in motive 
power. 

(3.) On the weight per H.P. of the motive power. 

(4.) On the displacement. 

We will now examine successively the influence of these dif- 
ferent elments. 

Looking at the annexed table, which gives the results of differ- 
ent types of torpedo boats which I have built since 1886, we see 
that the utilization has not been bettered ; it seems rather to have 
been. diminished, but the reduction is probably only apparent. 
The length of the Ba/ny was more than twelve times her width, 
while that of recent types is comprised between 9 andg.5. The 
ratio of utilization to displacement has diminished, but the hull 
has become lighter, at least more solid, and at the same time the 
nautical qualities have been improved. 

We would certainly obtain a notable amelioration of the utili- 
zation by suppressing, as has been done in most of the English 
torpedo boat destroyers, the vertical plan of the after part. This 
suppression, however, reduces in dangerous proportions the cruis- 
ing stability while running at slow speeds in squadron and ina 
heavy sea. 

However, it can be admitted that, between 50 and 200 tons, 
the influence of absolute size upon the utilization is approxi- 
mately 

The advantage that follows an increase in displacement depends 
very much upon the arbitrary conditions of the problem. If we 
suppose, as I did in 1885 in my “ Study of Torpedo Boats,” that 
the equipment and all weights belonging to it, also the crew and 
water, increase only as the square of the linear dimensions, and 
that the weight of the armament, torpedoes and electric lighting 
plant, remains invariable, the improvement is considerable. But, 
in practice, this does not hold, because these weights vary more 
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nearly as the cube. When the absolute size is increased, it is 
done to obtain a greater radius of action and conditions of hab- 
itability compatible with longer cruises. The weight of arma- 
ment and torpedoes also increases, attaining on the Lancier a 
figure twice that on a torpedo boat of 80 tons. 

We should not be far from the truth in supposing that, if we 
vary only the absolute size, all other things being equal, the ratios 
of all weights to the displacement would generally vary very little. 
The values of M,,a@ and z, in formula (3), being constant, the 
speed, therefore, varies as the ninth root of the displacement. By 
doubling the displacement of a torpedo boat of 20 knots, the speed 
becomes 


20 X NPY 2 = 21.6 knots. 


Hence, it is not in an improvement of the utilization, nor in an 
increase of the absolute size that we must look for the reasons for 
the considerable progress realized in the last years. These rea- 
sons, however, appear conclusively when we examine the varia- 
tions of the ratio a in the table. The cube root of this ratio is 
one of the coefficients of the speed, and the variations depend on 
those of the fraction a of the displacement, that is given to the 
motive machinery, and above all on those of the weight z per — 
horse power of the motive machinery. This weight, which was 
72.6 pounds in 1889 on the Avant Garde, has been reduced to 
35.2 pounds on the Fordan, a reduction of 2 to I in six years, 
By examining formula (3), we see that this reduction alone in- 
creases the speed in the ratio of 


2= 126 t0 I, 


that is, for an initial speed of 20 knots, 
20 X .26 = 5.2 knots. 


This increase is, in reality, nearly 6 knots, if we take into account 
the amelioration of or improvement in the. utilization at extreme 
speeds. Itis this amelioration, together with an increase of about 
20 per cent. of the fraction a of the displacement given to the 
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Date of trials, 

Type of engine 

Boiler pressure, pounds per square inch 


/ Hull, armed and equipped, with masts, awning and boats......... = P, tons......... 
Motive machinery complete, engines and boilers with water, with- 
SPATS OF WALET..... == J*, 


Artillery ammunition, torpedoes and tubes, air compressors and 


Miscellaneous, completing the displacement on trials, equipment, pro- 
visions, drinking water, reserve water, electric lighting, and not 


= D,tons.., 


Weights on trials. 


Displacement at trials equal to sum of above weights... 


Weight of boilers alone, with water, grate bars, ash “pans, masonry, 


Mean maximum speed on official trials... ..............2:c:seeeeeeeeeseeeees = V, knots 


Weight per I.H.P. of motive machinery complete 
Weight per I.H.P. of boilers alone...., 


Factor of the cube of the speed 


Radius of action at 10 knots corresponding to weight of coal on board at” 
full speed official trials, deduced from coal consumption trials. 


Utilization, 7. ¢., value of A/, in formule V= =M@M, 


34 
TORPEDO 
t 
P 
pH 
| Do 
F 
| 
tical miles 
| Ma =... 


Loc’ mt. Loc’ m’t. 


| Avant- 


No. 128. 


2 I 


Comp’d | Comp’d 


142.2 | 142.2 


38.47 26.68 


46.91 | 29.32 
13.07 8.11 


5-55 


4-54 | 4.04 | 
61.07 108.54 69.98 
11.02 | 25.37 | 15.68 


20.975 | 20.975 | 

1,430.14 

+355 -382 | 
+432 .418 | 
-120 116 | 
.O51 .026 | 
042 | -058 | 
0328 0286 | 
0153, 


9.42 13.18 14.60 | 17.85 


1,800 1,800 
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No. 149.* | Lancier. 


| 
1,024.77 1,333-48 


1893. 


Trip. Ex. Crip. Ex 


Normand Du Tem. 


25-794 

2,367.12 
338 
.406 


.127 


20,03 
2,000 
5-57 


“© No. 149 has given speed results greater, by more than half a knot, than the similar Normand 
torpedo boats delivered at the same time. 


-|Normand Tem. Norm’d 


Ariel. Forban. 


1895. 1895. 


2 2 


Triple _ Triple 


Norm’d 


199.08 213.3 
38.78 45.39 
50.144 62.67 
15.26 7.87 


8.07 4.03 


6.59 4.84 
118.84 | 124.80 
22.73 26.34 


25.87 31.029 


2,682.74 |3.945.2 


-326 -363 
.422 .502 
129 .063 
.068 032 
055 +04 
0187 0159 
.0089 0066 
22.50 31.6 
2,030 | 1,240 


5-37 5-74 


35 
BOATS. 
Chevalier. No. 83. | 
1886. | 1889. | 1890. 1892. | | 1893. | 3. | 
Comp) Triple Triple | 
132.54 170.64 | 170.64 | 213.3 | 199.08 | 
24.06 | 28.85 39.85 | 42.02| 26.99 | 
| 27.23 | 47.85 29.84 | a 
9.842 | 9.69 | 14.94 10.33 
2.41 | Mm | 183 425 | 898 | 5.79! 4.26 
453 | 6.26 4.84) 4.44 
12.31 | 20.08 19.68 | 13.12 a 
19.525 24.51 | 27.22| 24.39| 
$76.99 2,958.9 [1,683.61 | 
| 
387 | | .356 
+365 457 «393 
161 130 | | .136 | 
057 | .076 | .052 | .056 | 
062 053 .043 | 059 | 
0364 ,0204| .0202| .0172, .0177 | 
o1gt 0093 | .0085 | .0067, .0078 | 
| 
536 5.7 | 4 | 
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motive machinery, which explains the exceptional result of the 
Forban. This result, as we must recognize, has only been ob- 
tained by suppressing some weights, which, if not indispensible 
were at least useful, and transferring them to the motive machin- 
ery. Still it does not appear that the trials have been carried out 
with less displacement than those of the torpedo boat destroyers 
built in England. Therefore, as I explained last year, the weight 
per horse power of the motive machinery varies with the absolute 
size. Great as this weight is in machinery of small power, on 
account of the magnified importance of the auxiliary apparatus, 
the working tools, and the increased thicknesses necessary to 
allow for wear, it seems to reach a minimum in the sea-going 
torpedo boats and torpedo boat destroyers. 

This minimum value can be reached on these boats, having be- 
tween 4,000 and 6,000 I.H.P., only by giving a very high piston 
speed to the engines. The number of revolutions per minute on 
the Sokol was 420, while on the Forban it was only 365. 

As the linear dimensions of the machinery and vessel increase, 
and as the service becomes longer and more important, so the 
specific weight of the engines increases as well as that of the boil- 
ers, in which the firing can not be kept up to a maximum for 
very long periods. 

The large torpedo boats and the torpedo boat destroyers of 120 
to 300 tons being the only ones considered in this paper, it can 
be admitted that the specific weight of the motive machinery is, 
therefore, independent of the absolute dimensions, and that it de- 
pends wholly, all other things being the same, on the economical 
working of the engines and boilers, and on the system of boilers. 

The same observations are applicable to the hull, and within 
the same limits of displacement, the ratio of the weight to the 
cube of the linear dimensions is sensibly constant. For displace- 
ments greater than about 300 tons the ratio increases, provided 
that we do not wish to exceed a certain limit of strength in the 
plates. 

It was on torpedo boats Nos. 126 to 129, and on the Avant 
Garde that I first applied feed water heaters, automatic drains, and 
cylinder valves discharging into the valve chests. Notwithstand- 
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ing that their engines were of the compound type, the economy 
of steam was considerable. 

Later, on the first class torpedo boats No. 147, e¢ seg., and on 
the sea-going torpedo boats, type Lancier, the steam pressure 
was increased, the triple expansion system was adopted and 
water tube boilers were substituted for the locomotive type. The 
coal consumption diminished still more, and the total reduction 
in the weight of the boilers was equal to the sum of the reduc- 
tion due to the change from locomotive to water tube boilers, 
the latter weighing about one-half as much as the former, (see 
table), and that resulting from a better utilization of the steam. 

In 1886, the consumption of coal was about 2.64 pounds per 
1.H.P. at full power, and 2.2 pounds at low power, these figures 
being comparatively low. Owing to the various modifications 
mentioned above, the consumption has now dropped to 1.54 and 
1.10 pounds respectively. 

The reduction has been such that, notwithstanding that the 
radius of action imposed by trial requirements may have been 
increased, the absolute weight of combustible has diminished. 
This weight saved has served to increase the fraction of the dis- 
placement given to the motive machinery. Nothing could prove 
better the correctness of the principle, too long unknown, that 
the more economical the power, the lighter the machinery devel- 
oping it. 

The history of the progress of the torpedo boat is, therefore, 
that of the progress of the steam engine. 

There only remains to examine what are the increases in the 
speed that we may foresee. It is indubitable that we are far from 
having reached the limit. The simple perfecting of means already 
known, the use of materials of greater resistance, of higher steam 
pressures, these alone would suffice to insure a notable increase. 

We must forego, for the time being at least, the use of the 
light alloy of aluminum for the hull proper of sea-going vessels, 
on account of the galvanic action it sets up. This is regrettable, 
because when it is considered that the tension strains are very 
slight in hulls of small dimensions, and that a reduction of the 
scantlings is limited by the resistance to compression, and by 
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wear, it can be seen that an alloy of a density of 2.80, a tensile 
strength of 28,600 pounds per square inch, and an elongation of 
16 per cent. would permit a reduction in the weight of the hull 
proper by about 40 per cent., or, say 20 per cent. of the hull armed 
and equipped. 

But there is another cause of progress which has not yet been 
utilized and to which I wish to call your attention. 

Actually, the volume of that part of the hull out of water is 
between one and one-half and two times that under water. Un- 
doubtedly, a reserve of buoyancy is necessary, since water tight 
compartments are indispensible to safety, and it is important that 
the stability and navigability be assured when at least one of the 
compartments is filled. But is a volume of out-of-water body as 
great as is adopted at present indispensible? Yes, if the ex- 
terior service is to be performed upon the upper deck; no, if it 
is performed upon a raised platform, below which the sea can 
pass freely. 

Between the submarine boat, where the reserve of buoyancy is 
nil,and the actual vessel, where it is greater than required by the 
volume of the water tight compartments and by the stability, and 
where it is important only in order to place the spar deck at a 
sufficient height, there exists a mean. The adoption of this mean 
will probably permit a great reduction in the ratio of the weight 
of the hull to the total displacement, which actually exceeds one- 
third, and consequently, an increase in the weight of the motive 
machinery. If it is possible to give the Whitehead torpedo a speed 
of 30 knots, it is because the complete immersion furnishes the 
displacement necessary for a powerful motor. 

The Forban’s dimensions are probably too much reduced. to 
allow her to receive a raised deck advantageously. But let us 
see, without occupying ourselves with the changes in form or pro- 
portions necessary for resistance and stability, what the possible 
immersion, resulting from the addition of this superstructure, 
would be in this small vessel. 

Let us suppose the immersion to be such that the displacement 
increases 50 per cent., or, from 126.8 to 190.2 tons. This hypo- 
thesis is within reason, for the volume of the hull out of water 
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reaches 220 cubic meters, or, say 1? times that of the submerged 
part under trial conditions. 

It is also not inadmissible that, with a total volume of 340 cubic 
meters, even reduced in a great measure to fine the form, we can 
allow 185 cubic meters to the submerged part. The increase in 
displacement thus becomes 63.4 tons. From this we must de- 
duct— 

Raised bridge of gratings and accessories,. . . . tons, 4 
Increase of coal necessary to preserve the same radius of 
action (the consumption per mile increases as the % 

power of the displacement),. . . .. . . . tons, 2.5 
Strengthening of the hull required by the increase in 

power, notwithstanding the great progress in balancing 


The increase of weight utilizable for the motive power thus be- 
comes 
63.4 — 9 = 54.4 tons, 
and the total weight of the motive machinery, the weight of the 
Forban'’s machinery being 63.68 tons, 
63.68 + 54.4 = 118.08 tons. 


The value of a will, therefore, be 
118.08 
190.20 
If the specific weight of the motive machinery and-the utili- 
zation do not vary, the speed becomes— 


621 


V=M, My = $74.) 159 XV 190.20 


or, V == 34.9 knots, 
thus surpassing the actual speed by about 4 knots. 
The utilization would probably not be diminished, since the 
speed of minimum utilization would be, approximately, 


V, ee 190.2 = 21.6 knots, 
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that is, for the Fordan, 13.3 instead of 11 knots lower than the maxi- 
mum speed. The importance ofthe rising of the hull would then 
be considerable. 

I hasten to add that in the case of the Fordan, so great an in- 
crease in the speed cannot be realized without great changes in 
the motive machinery. The latter now occupies such a fraction of 
the interior volume that it cannot be increased. This would not 
be the case for larger vessels, and it seems probable that an in- 
crease of several knots could be obtained by this means, provided 
very high pressures were used in order to reduce the volume of 
the machinery. 

Firing with liquid fuel would greatly facilitate the solution of the 
problem, because the length of the grates has reached a maximum 
compatible with the use of coal], and the power of the boilers is 
limited by the width of the grates that can be put into the hull. 

It is needless to examine here the importance generally attrib- 
uted to excessive speeds, a study of the question solely from a 
technical point of view being sufficient. But, if a raised deck 
is adopted, it will be more to improve qualities other than the 
speed, such, for instance, as the radius of action. 

The free space between the raised deck and the hull would re- 
ceive a reserve of coal in bags, excellent for protection, and which 
the use of water tube boilers would render dangerous in the fire 
room. Incase of heavy weather, or when circumstances required 
the maximum speed, the vessel could be lightened rapidly. The 
transverse forms would be designed in a manner to assure the 
necessary stability with the extra weight in the superstructure. 
We could thus obtain a ratio of weights to displacement which 
would be inadmissible in an ordinary vessel having no water 
ballast, and could give to the armament and torpedo tubes a com- 
mand as great as that on a vessel of three times the displacement. 

Permit me to recall that sixteen years ago I proposed the raised 
platform for torpedo boat No. 60. This proposition was agreed 
to by the Council on Construction, provided that I increased the 
stability. But, as an increase in width would have prevented the 
realization of the required speed, the idea was abandoned. 
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Since then this arrangement has been applied with success in 
America upon certain “ whalebacks.” 

Such are, if I am not mistaken, the causes of the recent pro- 
gress, and some of the possible causes for future progress, in the 
speed of small vessels. 

The principles are very simple, the application only being dif- 
ficult. 

In conclusion, I ought, perhaps, to excuse myself for having 
taken up so much of your time with vessels of apparently so little 
importance as torpedo boats ; but importance is not always meas- 
ured by absolute size. A celebrated foreign engineer has said 
that no other type has been the cause of greater progress in naval 
construction. Nothing is truer, and, apart from the bright light 
that this type has shed on the theory of the resistance of hulls 
and propellers, it has supplied the most valuable information on 
the steam engine. 

The perfections applied to small vessels are applicable to the 
larger ones. 


Whenever it is desirable, the largest engines will not require 
more than eleven pounds of water per horse power, and the 
weight of the boilers will be reduced to a small fraction of what 
it is to-day. When this progress has been accomplished, may 
the tiny vessel], which has shown the way to this realization, not 
be forgotten. 
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ON CRANK SHAFTS. 


By Joun H. Macacpine, Esor., Associate MEMBER. 


[Continued from page 726 of Volume VIII ] 


STRESSES DUE TO STEAM AND INERTIA. 


We now come to the second part of the crank shaft problem. 

The inertia of the piston and other parts having the same mo- 
tion, attached to the crosshead K, Fig. V, produce a stress along 
the line of motion O X. This has a maximum upward intensity 
when the crank is at top center and, as the crank revolves, grad- 
ually falls to zero, which it reaches when the shaft has turned 
through rather less than a right angle. When the crank passes 


this point the inertia stress is downward and again reaches a 
maximum when the crank is at bottom center. The full line, 
Fig. X, shows exactly the law of this force when the connect- 
ing rod between centers is four times the crank radius and the 
engine is revolving uniformly. The dotted curve, which is a sim- 
ple curve of sines, expresses the same law for an infinite connect- 
ing rod. These curves are laid out in the same manner as some 
of the previous diagrams. AB is the crank path expanded, the 
point A corresponding to the crank at top center, and the point 
B to the crank at bottom center. They repeat themselves in 
the reverse order for the second half of the revolution. In this 
and all subsequent inertia diagrams the curves extend a little 
beyond the top and bottom centers to include two points at which 
we will find maximum stresses in parts of the shaft occur. The 
ordinates are drawn for every 9° turned through by the crank. 
If the moving mass is one pound, the stroke one inch and the 
revolutions one thousand per minute, the end scale gives the 
inertia forces in pounds weight for an intensity of gravity equal to 
32.2. 
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As the center of gravity, S, not shown in Fig. V, of the con- 
necting rod, has both a vertical and horizontal movement, there 
are vertical and horizontal inertia forces induced which we may 
suppose applied at S. These vertical forces are of the same gen- 
eral character as those shown by the full line, Fig. X, only near 
A they are a little less intense per pound mass of connecting rod, 
and near B a little more intense. The horizontal forces through 
S are proportional to the displacement of S from the center line 
OK, that is to sin @. 

The angular motion of the connecting rod induces a couple 
which (neglecting friction) produces equal and opposite hori- 
zontal reactions from the main guide at X and crank pin Z. 

The inertia of the crank pin and webs produces a constant 
centrifugal force always directed along the crank radius. Its 
vertical component is consequently a curve of sines and is rep- 
resented by the dotted curve, Fig. X. This radial force having 
no moment about the center of the shaft, the masses producing it 
have no effect on the turning moments on the journals. Thus the 
parts producing inertia turning moment are those more directly 
attached tothe crosshead. The full line Fig. XI gives the turning 
moment produced by the inertia of a mass having the same 
motion as the crosshead and piston; the length of the connect- 
ing rod, as before, being four cranks. The end scale gives inch 
pounds turning moment per one pound moving mass per one 
inch stroke for one thousand revolutions per minute. 

When the bearings are in line the maximum stresses occur at 
the same points of the shaft as when steam stresses alone are 
considered—that is, in the L.P. crank pin, after L.P. web, and aft 
L.P. journal where it joins the web. For these parts an exami- 
nation of the various curves will make it evident, at least in the 
case of the aft journal and web, that when the engine runs so 
fast that steam and inertia combine to produce a greater stress 
than the maximum due to steam alone, these new maxima occur 
a little before the L.P. crank reaches top stroke. (The point of 
the revolution at which greatest stress occurs is not exactly the 
same for the various parts of the shaft.) For the steam and in- 
ertia stresses transmitted from X, Fig. V, are then both upward 
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in the L.P. engine and the inertia stresses from the L.P. connect- 
ing rod and crank are nearly so. Thus the cross bending forces 
arising from steam and inertia augment one another as also do 
the turning moments. The cross bending due to steam is fall- 
ing (see Fig. VII), but that due to inertia is rising toward its 
principal maximum (see Figs. X and XII). The turning mo- 
ment due to steam falls slightly for some time before top stroke 
is reached. The inertia turning moment in the aft journal (which 
is not very different from that due to the L.P. alone—shown by 
the full line in Fig. XI—since the I.P. and H.P. inertia turning 
moments oppose one another about this part of the revolution) 
is falling for about the last 30° of the upward motion of the 
crank. Thus, at the time the inertia turning moment passes 
its maximum near ordinate 4 a, Fig. XI, increasing crossbending 
stress from inertia is producing an increase in the total stress in 
the shaft, and therefore between this point and top stroke a max- 
imum must occur, for just about top stroke there is a quick fall 
of stress due to the reversal of the steam pressure on the piston. 

A similar set of conditions holds when the crank is nearing 
bottom center; but, as the inertia crossbending forces are seen to 
be feebler than those near top stroke, and the sum of the inertia 
turning moments from all three engines is negative, the maximum 
stress produced will be smaller. 

When the L.P. engine is in the early part of the up or down 
stroke, the steam and inertia bending moments are of opposite 
_ sign and the combined stress is usually a good deal lower than 
near the end of the stroke. 

The stress in the various parts of the shaft at all points of the 
revolution where a maximum could occur have been carefully 
calculated, and the results will be more fully noted when neces- 
sary. 

As it is also found by trial that the L.P. crank pin has the 
greatest stress near top stroke we may confine our attention for 
the present to the last 30° or 40° of the upward revolution of the 
L.P. crank. 

Let us now estimate the inertia turning moment on the aft main 
journal. The turning moment from the parts moving with the 
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piston has already been given in Fig. XI; and it can be shown 
that, to an ample degree of approximation, the turning moment 
produced by the movement of the connecting rod may be replaced 
by that due to half the mass of the connecting rod moving with 
the piston. The inertia of the cranks being radial produces no 
turning moment. 

Thus the masses to be taken as moving with the piston in esti- 
mating turning moment are the piston, piston rod, crosshead, and 
half the connecting rod. (If there are pumps or other gear worked 
off the crosshead, the mass of each working part diminished in 
proportion to the square of the ratio of its stroke to the stroke of 
the engine, should be added to the mass of the parts moving with 
the piston.) These masses are given for the ten engines of the U. 
S. Navy, previously used for determining constants,in Table XI, 
column V. In the same column, but in the lower line for each 
ship, are given the ratios which the weights for the H.P. and I. 
P. bear to the L.P. The mean value of the ratio H.P./ L.P., is 
.63, and the mean value of I.P./L.P.,.74. In no case do the re- 
spective ratios vary far from these values. 

For any given values of the above ratios, the combined turn- 
ing moment curve can at once be laid down, and this is done in 
Fig. XI, the dotted line giving the combined curve for order of 
cranks H.P., I.P., L.P., and the dot and dash line for the reverse 
order. 

The ratios chosen in laying down these curves are I.P./ L.P.=.8 
and H.P./ L.P. =.64, which give very slightly larger values for the 
dotted curve during the part of the revolution we are considering 
than if the mean values had been taken. 

As it is near ordinate 3a that the maximum stresses occur when 
the bearings are in line; and as, for that position of the cranks, the 
L.P. inertia turning moment is much larger than that for the I.P. 
or H.P., a considerable variation in the choice of the above ratios 
does not materially affect the total moment. : 

It is also seen from Fig. XI that the order of cranks H.P., LP., 
L.P., gives the largest turning moment near topstroke. The cross 
bending due to steam is also larger about this part of the revolu- 
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tion for this than for the reverse order of cranks, while that due 
to inertia is about the same for both orders. The turning 
moment in the aft journal due to steam is, of course, the same 
for both orders, and this is practically true also for the crank pin. 
Thus the shaft will be most severely stressed for the order of 
cranks H.P., I.P., L.P.; and to this we may confine our attention 
for the present. 

The order of cranks H.P., I.P., L.P. will hereafter be referred to 
as the ist order, and H.P., L.P., I.P. as the 2d order. 

The parts to be taken in calculating crossbending are the pis- 
ton, piston rod, crosshead, connecting rod, crank pin and about 
half the webs, the mean radius of the latter being only about half 
that of the crank. (Any gear worked from the crosshead should 
be added in the same way as noted in connection with the turn- 
ing moments.) The weights of these with their ratios are given 
in Column VII of Table XI. Column VIII shows the ratio of 
the L.P. parts producing turning moment to those producing 
crossbending. In calculating the sizes of shafts this has been 
taken as .72, the highest value in Column VIII, so that in almost 
all cases the turning moments will be slightly overestimated. 

Knowing all the inertia forces affecting each crank, the: re- 
action at bearing A, Fig. IV, may of course be calculated by 
equation (14) when all the bearings are in line. The inertia due 
to the angular motion of the connecting rod is left out of account 
as the horizontal reaction it induces on the crank pin has a very 
small influence on the reaction at bearing A or on the crank pin 
itself. Omitting this allows us simply to add part of the weight 
of the rod to the parts moving with A, Fig. V, and the rest to 
the crank pin and half the webs. The inertia force of the first 
part is to be measured from the full line curve, Fig. X, and of 
the second part from the dotted curve. It will be practically 
accurate to make the same division of the L.P. moving masses 
as has been done in estimating inertia turning moment. Thus, 
if the total mass for the L.P. engine which produces cross- 
bending is unity, we have the division of moving masses shown 
by Table XII. 
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TABLE XII.—DIVISION OF MOVING MASSES TO BE USED WHEN ESTIMAT- 
ING INERTIA MOMENTS. 


Engine. | LP. 


Mass to be taken as moving with the | 
piston in estimating inertia turning 
moment and cross bending 

Mass which does not produce inertia turn- — 
ing moment, and which is to be taken | 
as moving with the crank pin in esti- 
mating cross bending 


Total mass producing cross bending......... 1.00 “ .86 


Nore.—Counterbalances on the cranks would diminish to an easily calculated amount the 
quantities in line (b). 


As the inertia per pound of the parts moving with X and the 
vertical component from inertia per pound of the parts revolving 
with the crank are not greatly different, a considerable change in 
the above division of L.P. moving masses would not produce 
much difference in the estimation of the crossbending forces. As 
will be seen from Fig. XII, near ordinate 3a, the inertia forces 
from the L.P. engine produce almost the whole crossbending, and 
therefore the exact value of the masses of the two other engines 
is a matter of comparative indifference. 

In Fig. XII, the curves of reaction on the aft bearing are given. 
As these reactions are downward on the shaft (that is, according 
to convention, positive) when the L.P. piston is at top center, the 
ordinates at A must be reckoned positive. For clearness, the posi- 
tive ordinates for the Ist order of cranks are laid off below, and 
for the 2d order above the base line AB. The curves X-X give 
the reaction arising from the proportion of the total masses 
given in line (a), Table XII, and the curves Y-Y that for line (b). 
The reaction for the L.P. engine alone is given by the dotted 
curves, that for the L.P. and I.P. by the dot and dash curves, 
and that for all three engines by the full line curves. The full 
line curve Z-Z, is the sum of the two full line curves X-X and 
Y-Y, and consequently gives the total vertical reaction. 

Having seen that both in Figs. XI and XII the results are 
but little influenced by the determination of the moving masses of 
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the H.P. and I.P. engines near the point which we will find to be 
that of maximum stress, the great simplification of being able to 
estimate all moments with practical accuracy from the L.P. moving 
masses alone is reached. 

Fig. XIII gives the turning moments on the L.P. crank pin. 
The full lines are for all bearings in line, the curves for the Ist 
and 2d orders of cranks being as marked. Moments are positive 
for the 1st order of cranks when the ordinates lie below the base 
line AB, and for the 2d order they are positive when above. 
The method of deducing the crank pin turning moment from 
the turning moment on the aft journal and reaction of the aft 
bearing has been fully explained. The curves have been de- 
duced from those of the three previous figures on the supposition 
that the only part of the inertia forces of the moving masses 
and reaction at bearing A which modify the crank pin turning 
moment, are those arising from the masses attached to the cross- 
head given in line (a), Table XII. Denoting ordinate 2 of cor- 
responding curves in Fig. X, XI, XII and XIII by the letters 
marked we then have 


CD = EF + FG ~ HK 


72 LM) 

Thus the curves of Fig. XIII can readily be deduced by a simple 
graphical process. The parts left out of account are those re- 
volving with the crank pins. Of these the L.P. crank and parts 
directly attached have, obviously, no effect. If we could assume 
that equation (14) would apply to the reaction produced by the 
inertia of the parts revolving with the H.P. and I.P. cranks—the 
directions of which forces revolve with the shaft and, at the posi- 
tions of maximum stress, make considerable angles with the re- 
sultant reaction of bearing A—it can be readily shown that the 
turning moments on the L.P. crank pin would have to be altered 
by about .6 of an inch pound per one inch stroke at one thou- 
sand revolutions and per one pound revolving with the crank. 
The crank pin turning moments would be increased by this 
amount for the Ist order of cranks and diminished for the 2d 
order. The alteration is slight and the application of equation 
(14) very doubtful. 
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Let us now suppose that the same engine is run successively 
at several speeds, but that the load is so adjusted that the steam 
distribution does not change; that is, that the same indicator 
diagrams are given at each speed. The change in loss from 
wire drawing and the action of the cylinder walls is of course 
neglected here. The curve of turning moments (Fig. III) and 
reaction f (Fig. VII) arising from steam pressure apply then in 
each case. But the inertia turning moments and reactions at 
bearing A given by Figs. XI, XII and XIII will have to be 
taken in proportion to the square of the speed of revolution. 

If now we combine the sum of the bending moments from 
steam and. inertia with the sum of the turning moments and 
thus calculate a curve of stress in, say, the crank pin for each 
speed of revolution, we shall find that the maximum stress does 
not occur at the same point for different speeds, but that as the 
speed increases it shifts toward the L.P. top stroke. This forms 
a slight difficulty in applying the same method for calculating 
the shafts when inertia is taken account of, as was used in de- 
ducing the curves of Fig. VIII; where the maxima, under the 
approximate suppositions made, always occurred at definite points 
of the revolution. The difficulty may be removed thus: It is 
not the point of maximum stress we wish to discover but the 
value of the maximum. The previous supposition with regard to 
the distribution of steam, moving masses, etc., being made, it was 
found by careful trial over the whole range of practice that when 
the stress due to steam and inertia is greater than that due to 
steam alone, the intensity of the maximum could be estimated 
with almost perfect accuracy for the crank pin by measuring the 
bending and turning moments for steam when the L.P. crank 
was 27° before top center, and measuring the inertia bending and 
turning moments when this angle was 223°. 

The same was found to apply in an equally satisfactory man- 
ner to the other parts of the shafts and to the measurement of 
the pressures on the bearings. The part due to steam was in 
all cases measured when the L.P. crank was 27° from top center 
but that due to inertia was taken at the points indicated in 
Tables XIV and XV. 
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It would take considerable ‘space and be of little service to re- 
produce this part of the investigation as the errors avoided are in 
no case large, but the statements can be readily verified from the 
data given. 

I will now give in Table XIII the estimation of the moments 
due to steam which are required in this part of the investigation. 
As in Table I, these are the values when all the bearings are in line. 
The remarks with regard to the various moments which precede 
the introduction of Table I and those referring to the various lines 
in that table apply here almost without alteration. Only the 
following need be noted :— 

Line (d). The values in columns III and IV are really for a 
point a little less than 27° from top center; for, as noted in con- 
nection with Table I, cos g is changing rapidly. 

Line (f). The multipliers 1.06 in'columns I and III are retained 
here though a Io per cent. increase of the steam pressures in the 
L.P. cylinder would have a comparatively slight effect in raising 
the turning moment. But if the increase of pressure took place 
in one of the other cylinders, or was divided between one of these 
and the L.P., the case supposed in the table could readily be 
realized. 

Line (k). As in Table I, the multipliers in Columns III and IV 
are scarcely reasonable. Their omission would correspond to a 
reduction of the breadth and thickness of the webs each by about 
3 per cent. As the webs are so susceptible to rise of stress from 
want of alignment of the bearings, their retention would perhaps 

be justifiable. 


We have now to estimate the moments due to inertia. 

Let w be the angular velocity of the crank in radians per 
second, M/’ the mass of the moving parts of the L.P. engine for 
stroke s, which are to be taken in estimating crossbending. 

The crank radius in feet is s/ 24. 

If the connecting rod were infinitely long the maximum up- 
ward inertia force would be 


——, in pounds weight. 
248 


we 
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Let R be the revolutions per minute and P the piston speed in 
feet per minute. Then 


D 
Thus, we get 
M4. M' P* 


24g 25 st 24 X25 X 322° = .000511 M’ P*/s, 


As M'= MS and P is supposed constant when we are con- 
sidering similar engines, 
G'= Gs. 
The scales of Figs. X, XI, XII, and XIII are made for W=1, 


2,000 
4 a and we have for the 


s$=1,and R=1,000. Thus P= 


2 
curves in these figures G = .0O0051I X CS) = 14.19 pounds 


weight. 

Therefore for any value of J/’ and piston speed P, 14.19 di- 
visions of the scale give the value of G’, and we may at any point 
of the revolution measure the actual upward force at the center 
of the engine and the reaction on bearing A in terms of G’ by 
dividing the scale reading at the point by 14.19, or by making 
a new scale which is-changed in this proportion. In this way 
the values in line (d), columns IJ, IV and VI, Table XIV, are 
obtained. 

Similarly, as 14.19 pounds exerted at an arm equal to the 
stroke of the engine would give a turning moment of 14.19 inch 
pounds per one inch stroke, dividing the scale reading for any 
point of Figs. XI and XIII by 14.19 and multiplying by G’s 
gives the turning moment in inch pounds, supposing the whole 
of 7’ to move with the crosshead. Hence the turning moments 
in line (d), columns I, III and V, Table XIV. 
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Line (d). It will be found that the bending moments in 
columns II, IV and VI are a few per cent. higher than the curves 
show for the first order of cranks. They are more nearly the 
values which these moments would have if the cylinders were ar- 
ranged fore and aft in the order I.P., H.P., L.P. Occasionally 
the H.P. is in the center and it is perhaps well to cover this case. 
This arrangement of cylinders would lead to a smaller reaction 
due to steam than has been taken in deducing the bending 
moments in Table XIII, but the larger value must be retained if 
the bending moments are to be kept in excess at low as well as 
high speeds. The influence of this slight inconsistency on the 
subsequent determination of constants, Table XVI, and on the 
curves, Figs. XIV to XXI, is in all cases verysmall. The change 
in the crank pin turning moment from inertia is also so small 
that it has been entirely neglected. 

In column III the turning moment is measured at the same 
point of the web as in Table I. 

In column IV the factor for the crank and connecting rod being 
at an angle is’.g as before. 

In column VI the moment has been measured as if the inertia 
of the webs and crank pin is exerted at the center line of the 
engine, Z, Fig. IV. As it is somewhat distributed the moment 
in this column should be slightly lowered; but it can at once be 
shown that the effect is of no importance. 

The supposition is, as in the corresponding part of Table I, 
that the pressure is not distributed over the brasses, so that here 
also the factor 1.05 in line (g), column VI, corresponds to an in- 
crease for errors of adjustment of almost 15 per cent. 

Line (e). This multiplier is fully explained above. 

Line (f). In calculating G, the value of P taken is supposed to 
be the intended piston speed. Frequently this will be exceeded, 
and consequently the inertia stresses will be raised in the square 
of the ratio of the actual to the intended revolutions. Columns 
X and XI, Table XI, give the specified and trial revolutions in 
the ten cases cited ; and on the line below each of these, the square 
of their ratio. | 

It may be doubted if any allowance should be made for this 
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increase of stress; as, for each engine, the probability is that it 
will never be repeated after the full power trial and a slight in- 
crease of stress lasting only for a few hours will not cause sensi- 
ble deterioration of the shaft. In Table XIV a ten per cent. 
increase has been made, and I think this is the very greatest 
allowance which could be justified by examination of the figures 
in Table XI. 

This factor I have also considered ample to cover any rise of 
stress due to racing, since the engine will not be driven at riear 
full power when there is danger of violent racing. As the ad- 
mission of steam is always greatly restricted by throttling or 
linking up, in a very rough sea, a rapid increase of the revolu- 
tions always produces a correspondingly rapid fall of the steam 
pressures inthe cylinders. Thus, though the inertia stresses may 
rise considerably, this rise is accompanied by a large drop in the 
stresses due to steam. 

Of course the possibility of accident through the breakage of 
the after shafting or propeller—such as occurred in the City of © 
Paris—is not contemplated here. The careful supervision of the 
engineer, or the adoption of some such mechanical device as has 
been proposed to prevent the revolutions rising above a safe maxi- 
mum, can alone obviate this risk. 

Lines (g), (h) and (k). The remarks appended to these same 
lines, Table I, apply here without change. 

Line (1). The estimation from the drawings of the mass J/’ of 
the moving parts may readily, from several well known causes, 
“211 below the actual: with care the error should be within 5 per 
vent. Hence the multiplier in this line. 

These multipliers applied to the moments in line (d) give the 
moments in line (m). 

Here also the shearing stress from torsion of the webs has in 
no case any influence on the maximum stress in the webs. 

The total pressures on the crank pin and main journal, from 
steam and ‘inertia, are given in Table XV; the values of the re- 
actions at bearing A being for the 1st order of cranks. 

The only multiplier which need be noticed is that in line (h) 
Column II. The inertia of the crank pin and webs does not con- 
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tribute to the pressure on the crank pin bearing. Consequently 
the ratio of the mass of the moving parts omitting the crank pin 
and webs, to the mass producing crossbending, has been given 
in Column IX, Table XI. The value of this multiplier adopted 
in Table XV is just under the highest value in Table XI. 

The pressures in line (d), Columns II and IV, Table XV, are 
measured as if all the parts were moving with the crosshead, 
which gives a value very slightly in excess of the truth. 

Using the values of the moments and pressures given in Tables 
XIII, XIV and XV, and the data in Tables III and XI, we find 
the stresses in the parts of the shafts and the surface pressures 
on the bearings which are given in Table XVI. As before, in 
estimating the pressure on the crank pin, the area of the bearing 
has been taken as the product of the diameter of pin and its 
length between the webs, instead of taking the product of the 
diameter and length of brass. 

Instead of the ratio .72 in line (e), Table XIV, and the ratio .86 
in line (h), Table XV, the actual values in Columns VIII and IX, 
Table XI, are used. Also the multipliers, 1.1 for excess of speed, 
and 1.05 for excess of weight in Tables XIV and XV, are can- 
celled, the actual speeds and masses being used. 

The notes appended to the table will make the meaning of all 
the figures clear. 

In calculating the stress in the round parts of the shaft we must 
combine the sum of the bending moments due to steam and inertia 
with the sum of the turning moments, to find the augmented 
moment. Asthe ratio U/ P for steam alone and for inertia alone 
are different, the directions of the principal planes of stress, given 
by equation (4), for steam and inertia separately are not the same 
and consequently the two stresses are not additive quantities. 

The ratios in Table XVI show to what extent the maximum 
stress due to steam and inertia exceeds that due to steam alone 
as givenin Table IV. The objection may at once be raised that 
these ratios are all larger than unity and consequently it was not 
proper to determine the constants to be used, when steam stresses 
alone were considered, from these engines. The reply is simple. 
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If we had used the Bancroft, Bennington and Castine (that is, the 
three reference engines in which these ratios in Column I for trial 
revolutions are nearest unity) to determine the constants to be 
used, we would have deduced lower values than those in Table 
V, line (e). Therefore, the shafts calculated would have been 
heavier than we have found is justified by using the whole data. 
This anomaly is no doubt due to the fact that, probably, all or 
nearly all these shafts have had their diameters determined by a 
comparison with previous designs which took account only of 
the turning moments due to steam. Nearly all these engines have 
what would now be considered a moderate piston speed; and 
every day, engines of quite as high piston speed are having their 
shaft diameters determined by the ordinary formulas which, we 
have seen, only take partial account ofthe steam stresses. Again, 
it is not the object of this paper to tie down the designer in a hard 
and fast manner to particular constants, but rather to put the whole 
subject before him in such a way as will allow him to determine 
with the least trouble what dimensions are required for the con- 
stants he may think proper to adopt. 

The adoption of higher constants in this second part is an illus- 
tration of the general principle that the more completely the facts 
are taken account of, the lower may be the nominal factor of 
safety allowed. After fuller investigation we can safely lower 
that part of the factor of safety which has very properly been 
called “the factor of ignorance”; and we are repaid for the 
additional care by avoiding on the one hand waste of material 
and additional cost, and on the other an unmeasured reduction 
of the actual strength and safety of the structure. 

In Table XVII are given the average and maximum values of 
the stresses in Table XVI. 

In line (g), Table XVII, are the constants which have been 
used in determining the shafts given by the full line curves in 
Figs. XIV to XXI, the values of the moments and pressures 
being those in Tables XIII, XIV and XV. The three assump- 
tions given on pages 697 and 698, Volume VIII, are also made 
in these calculations. The crank pin pressure of 600 pounds per 
square inch is taken lower than would perhaps have been justi- 
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tribute to the pressure on the crank pin bearing. Consequently 
the ratio of the mass of the moving parts omitting the crank pin 
and webs, to the mass producing crossbending, has been given 
in Column IX, Table XI. The value of this multiplier adopted 
in Table XV is just under the highest value in Table XI. 

The pressures in line (d), Columns II and IV, Table XV, are 
measured as if all the parts were moving with the crosshead, 
which gives a value very slightly in excess of the truth. 

Using the values of the moments and pressures given in Tables 
XIII, XIV and XV, and the data in Tables III and XI, we find 
the stresses in the parts of the shafts and the surface pressures 
on the bearings which are given in Table XVI. As before, in 
estimating the pressure on the crank pin, the area of the bearing 
has been taken as the product of the diameter of pin and its 
length between the webs, instead of taking the product of the 
diameter and length of brass. 

Instead of the ratio .72 in line (e), Table XIV, and the ratio .86 
in line (h), Table XV, the actual values in Columns VIII and IX, 
Table XI, are used. Also the multipliers, 1.1 for excess of speed, 
and 1.05 for excess of weight in Tables XIV and XV, are can- 
celled, the actual speeds and masses being used. 

The notes appended to the table will make the meaning of all 
the figures clear. 

In calculating the stress in the round parts of the shaft we must 
combine the sum of the bending moments due to steam and inertia 
with the swum of the turning moments, to find the augmented 
moment. As the ratio U/ P for steam alone and for inertia alone 
are different, the directions of the principal planes of stress, given 
by equation (4), for steam and inertia separately are not the same 
and consequently the two stresses are not additive quantities. 

The ratios in Table XVI show to what extent the maximum 
stress due to steam and inertia exceeds that due to steam alone 
as givenin Table I[V. The objection may at once be raised that 
these ratios are all larger than unity and consequently it was not 
proper to determine the constants to be used, when steam stresses 
alone were considered, from these engines. The reply is simple. 
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If we had used the Bancroft, Bennington and Castine (that is, the 
three reference engines in which these ratios in Column I for trial 
revolutions are nearest unity) to determine the constants to be 
used, we would have deduced lower values than those in Table 
V, line (e). Therefore, the shafts calculated would have been 
heavier than we have found is justified by using the whole data. 
This anomaly is no doubt due to the fact that, probably, all or 
nearly all these shafts have had their diameters determined by a 
comparison with previous designs which took account only of 
the turning moments due to steam. Nearly all these engines have 
what would now be considered a moderate piston speed; and 
every day, engines of quite as high piston speed are having their 
shaft diameters determined by the ordinary formulas which, we 
have seen, only take partial account ofthe steam stresses. Again, 
it is not the object of this paper to tie down the designer in a hard 
and fast manner to particular constants, but rather to put the whole 
subject before him in such a way as will allow him to determine 
with the least trouble what dimensions are required for the con- 
stants he may think proper to adopt. 

The adoption of higher constants in this second part is an illus- 
tration of the general principle that the more completely the facts 
are taken account of, the lower may be the nominal factor of 
safety allowed. After fuller investigation we can safely lower 
that part of the factor of safety which has very properly been 
called “the factor of ignorance”; and we are repaid for the 
additional care by avoiding on the one hand waste of material 
and additional cost, and on the other an unmeasured reduction 
of the actual strength and safety of the structure. 

In Table XVII are given the average and maximum values of 
the stresses in Table XVI. 

In line (g), Table XVII, are the constants which have been 
used in determining the shafts given by the full line curves in 
Figs. XIV to XXI, the values of the moments and pressures 
being those in Tables XIII, XIV and XV. The three assump- 
tions given on pages 697 and 698, Volume VIII, are also made 
in these calculations. The crank pin pressure of 600 pounds per 
square inch is taken lower than would perhaps have been justi- 
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fied by the data, and it should be satisfactory up to higher sur- 
face velocities than occur in these engines. 

It is not proposed to enter fully here on the subject of lubri- 
cation, but the question is so vitally connected with the present 
investigation that a short notice of it seems to be necessary. 

The minimizing of friction being one of the great factors in 
raising the efficiency of almost all machines, a very large amount 
of attention has necessarily been bestowed on the testing of 
lubricants chemically and mechanically. Till quite recently, 
however, the action of the lubricant in the bearing does not 
seem to have received any careful theoretical treatment. 

In 1883-4 Mr. Beauchamp Tower made a set of experiments, 
already referred to, on the friction of a journal for the Institution 
of Mechanical Engineers, London. The journal was horizontal 
and was fitted with an upper brass only, which by means of a 
saddle, carried the applied load. By the slight angular displace- 
ment of this saddle the amount of friction was measured. Lubri- 
cation in the most important experiments was by means of an oil 
bath below the journal. The experiments were with nominal 
pressures ranging from 100 pounds per square inch up to the 
pressure at which the brass seized and from 100 to 450 revo- 
lutions per minute. These speeds of revolution correspond to 
surface speeds of 105 and 471 feet per minute respectively. 
There were also some experiments at very slow speeds. 

For the detailed record of the measurements I must refer to 
the original paper. But Mr. Tower concluded that his experi- 
ments showed that journal friction, when the lubrication was 
perfect, follows the laws of fluid much more closely than those 
of solid friction ; the friction being nearly independent of the 
pressure and increasing with the velocity, though at a slow rate. 
Increase of temperature had also a marked effect in diminishing 
friction. 

He was led to measure the oil pressure at a number of points 
of the brass, and from these observations he constructed a series 
of curves showing the distribution of oil pressure between the 
journal and brass ; thus clearly proving the presence of an oil 
film which established and maintained itself when the journal 
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was running under a load, so long as the lubricant was supplied 
below. His curves are reproduced in Fig. X XII. 


#76. 


Lubricant, heavy mineral cil. Nominal lead 333 pounds per square inch. 
Revolutions per mirule Temperature 90° Fahr 

In the longitudinal section the maximum pressure is shown 
at the center of the length of the brass. This he assumed, and 
measured the oil pressure on one side only of the center line. It 
is obviously correct if the brass is an equally good fit over the 
whole length and the load is central; and if, as in Mr. Tower’s 
experiments, the bending moment at each section of the shaft is 
invariable. The pressure curves over a circumferential line are 
not quite symmetrical about the vertical line through the center 
of the shaft, but rise to a sharp maximum near this line and fall 
to atmospheric pressure at the edge of the brass. 

Shortly after the publication of Mr. Tower’s experiments the 
subject attracted the attention of Prof. Osborne Reynolds, who 
deduced the theory of lubrication from the known equations for 
the motion of a viscous fluid*. After developing the theory and 
explaining various physical considerations with regard to the 
generation of heat in the oil film, its escape by conduction and 
by the outflowing oil, the effect of change of load in changing the 
radius of the brass, etc., he proceeds to test his theory by apply- 
ing it to.some of Mr. Tower's results. The comparison of the 
calculated with the experimental values bears strong testimony 
both to the great accuracy of the experiments and to the suffi- 


* See Phil. Trans. Royal Society, London, 1886. 
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ciency of the theory. As will be seen from an examination of 
Prof. Reynolds’ Tables IV and V, his deductions and Mr. Tower’s 
experiments follow one another closely over a large range of 
conditions. 

Thus, in Mr. Tower’s oil bath experiments, where the nomi- 
nal pressure did not exceed 415 pounds per square inch—up to 
which pressure there was no liability to seize, at least when the 
journal had been running in one direction for some time—we 
have the most complete confirmation that the brass was perfectly 
oil borne and the varying thickness of the oil film is determined. 
The asymmetry of the curves in cross section, Fig. XXII, is 
shown to be necessary in order that the conditions of equili- 
brium of the brass may be fulfilled. The friction does not rise as 
the second power of the revolutions because the movement of the 
oil is non-eddying. The load of course tends to force down the 
brass on the journal so that they can never be concentric. There 
is thus a point in cross section of minimum thickness of the oil 
film the position of which is variable with the load and the ve- 
locity. As the speed of revolution increases under constant . 
load the oil is drawn in more powerfully and it is shown that 
the brass and journal become more and more nearly central; 
that is, at the point of nearest approach the thickness of the film 
increases. This increase, together with a slight rise of tempera- 
ture in the film and brass, prevent the friction rising at nearly the 
rate it would otherwise do. The viscosity of the oil at constant 
temperature, did no other conditions than the velocity change, 
would make the friction proportional to the velocity; but the 
fact that it varied in the oil bath experiments at only a little 
greater rate than the square root of the velocity at constant load, 
was due to the above noted changes in the thickness of the film 
and the temperature. Further, when this minimum thickness 
was less than about half of the difference of radii of the brass and 
journal, lubrication for Mr. Tower's brass becomes imperfect, as 
the oi] film then falls to atmospheric pressure before the exit 
edge of the brass is reached. The investigation seemed to indi- 
cate clearly that this set the limit to the safe loading of the brass. 
The above prepares us almost to anticipate the results of Mr. 


ON CRANK SHAFTS. 59 


Tower's experiments on other modes of lubrication. Introduc- 
ing the oil by holes in the top of the journal, whether connected 
with a single groove running along the top of the brass, or with 
curved grooves extending partly over the circumference as well 
as lengthwise, was found to be impossible, and the brass invari- 
ably heated under a very light load. The grooves and oil holes 
obviously formed the best possible means of escape for the oil 
film as it was there reduced to atmospheric pressure. The pres- 
sure curves instead of being as in Fig. XXII would thus be di- 
vided, and the ordinates at the top of the brass instead of being 
nearly a maximum are reduced to zero. As the total upward 
pressure of the oil must equal the load, the maximum pressure 
in the film must be greater when the middle parts of the curve is 
thus reduced, and the pressure gradients become very much in- 
creased. 

Oil was also introduced by cutting oil grooves at the sides of the 
brass parallel to the axis of the journal. These very considerably 
diminished the arc of contact of the brass and journal. This mode 
of lubrication was found to be entirely satisfactory if the load was 
not excessive. But the brass seized at 380 pounds per square 
inch while it had run well at a much higher pressure in oil bath 
experiments. This is readily accounted for, as the oil pressure 
gradients were necessarily greater when the effective arc of con- 
tact was diminished by cutting the grooves. The laws of friction 
in this case were similar to those with the oil bath, but the actual 
friction was a good deal greater—no doubt on account of the thin- 
ner oil film. In other experiments the oil was supplied below by 
means of an oily pad contained in a tin box full of rape oil. The 
oil flowed up by capillary attraction and gave so small a supply 
that the oiliness was just sensible to the touch. The resulting 
friction was usually much greater than with the oil bath. The 
seizing pressure was however practically the same in the two 
cases. This might be anticipated. For, however copious the 
supply of oil, as the load is increased toward that at which seiz- 
ing will occur the brass is gradually drawn down and the oil 
film thinned. The amount of oil which can thus get through the 
journal is gradually diminished and, if the supply is kept equal 
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to this, the same results will be obtained as with a more copious 
supply. This result could not be expected to hold in journals 
where the pressure alternates every half revolution, as a copious 
supply of oil has then an opportunity of entering the brass when 
relieved of pressure. Thus the result applies only to the lubri- 
cation of crank shaft bearings in such cases as that supposed when 
calculating Table VIII. 

The investigations spoken of above deserve and will repay the 
closest study and, so far as my knowledge extends, are by far 
the most philosophical writings on the subject. Perhaps the 
greatest advance they make is to firmly establish the presence of 
a sufficient mass of liquid to make the film subject to the ordin- 
ary laws of fluid motion, uninterfered with by those conditions 
which hold at the bounding surface of liquids and give rise to 
the phenomena of capillarity and surface viscosity. That the 
results of the experiments can also be deduced by use of the or- 
dinary hydrodynamical equations puts this entirely beyond dis- 
pute. From this fact alone flows much which is important in the 
design of bearings of any description; and we see that, in many 
cases, the arrangements usually adopted for lubrication are far 
from being the best that could be made. 

1st. The oil should be introduced and taken by the journal at 
a place where the brass has never to support the pressure of the 
journal—that is, between the top and bottom brass in crank shaft 
bearings. 

This rule is not usually violated in those bearings where the 
pressure is always in one direction; simply because, as we have 
seen, the journal will not then take the oil or run cool except 
under very light loads. 

It is almost invariably violated in those bearings where the 
force is reversed every half revolution, as in crank shaft bear- 
ings. Here the quantity of oil supplied is not checked, as all 
that passes down the oil hole flows in while the pressure is off 
the part where the hole enters. Thus, if the oil goes in at the 
top of the journal, the lower brass will be well lubricated; but 
when the pressure comes on to the top brass the oil pressure 
curves will be divided as we have already seen; the part of the 
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brass which should be most effective in bearing the load is ren- 
dered of no value; the pressure gradients are made steeper, so 
that, however quick the reversal of pressure, a thinner oil film 
will result. The film at the part of the bearing over which the 
journal runs in coming up to the oil hole will suffer especially, as 
the entering oil does not pass over it. 

2d. When once introduced the lubricant should, as far as pos- 
sible, be prevented from escaping from those parts of the brass 
which have to bear the greatest pressure, to the portions under 
less pressure. 

This rule is usually violated if the first is; and further, the oil 
grooves which are always cut to distribute the entering oil over 
the bearing allow, when the pressure comes on the brass, out- 
flow of oil from all the most important parts of the journal. 
The horse shoe thrust block is a case which may be cited in the 
present connection. The pressure on the surface is. non-inter- 
mittent,and many thrust shoes have been made with no grooves, 
the oil being drawn in between the bearing surfaces from the 
trough below. This provision is not only sufficient, but I have 
no doubt is the best which can be made. When there is an oil 
box and oil grooves it is by no means unknown to have the oil 
flowing up into the oil box instead of down from it, but where 
this does not happen no doubt much of the oil escapes to that 
part of the groove which is first approached and is again drawn 
back between the surfaces at the other end of the groove. As 
the subject is of such great importance, I may be pardoned men- 
tioning a case with which I had to deal some years ago. A 
vessel had been sent out with her thrust block supplied with the 
usual oil boxes connected with oil grooves extending over a con- 
siderable part of the bearing surface. The block gave much 
trouble from heating and there was considerable wear of the 
white metal. Guided by Mr. Tower’s results I had the collars 
rebabbitted, omitting all oil holes and grooves, thus leaving 
the bearing surfaces quite flush all over, the oil being supplied 
by the collars dipping into the trough below, and the block 
afterward ran perfectly. The only alternative in explaining the 
effect is that the metal was not satisfactory in the first case. But 
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as only one quality of ingot was purchased there was not then, 
nor is there now, any suspicion in my own mind that this 
sensibly affected the result, even although it was a frequent 
practice to mix a little previously melted white metal with the 
fresh ingots. 

Frequently the white metal is put into the journal in sections 
having recesses between; or grooves intended to distribute the 
oil not connected with oil holes, are cut. But any such grooves 
can, it seems to me, have only a harmful effect. 

The pressure in a groove at any instant can never exceed the 
least pressure, at the same instant, in the whole surface through 
which it runs; and, if only partially filled with oil, may be at 
atmospheric pressure. Thus if run along the top of the brass, 
even for only a portion of the length, it will reduce the center 
curve in the longitudinal section, Fig. X XII, very considerably. 
If embracing a portion of the circumference its effect will be 
more marked, as the pressure falls much more quickly from the 
maximum in the cross-section curves than in the longitudinal. 

But where the journal is subject to slight angular displace- 
ment from varying bending moments, as in the case of the crank 
shaft main journals, the effect of the presence of grooves must be 
considerably aggravated. Pressure curves for this case would 
usually be very different from those in Fig. XXII. The brasses 
will become very slightly rounded in the longitudinal section. 
When the pressure first comes on the lower brass of bearing A, 
Fig. IV, the point of maximum, when everything is in proper 
adjustment, will appear aft of the center line. As the pressure 
and consequent deflection increase, this point of highest pressure 
will shift to the forward side of the center line. The area of 
high pressure will necessarily be somewhat contracted, which 
implies a corresponding increase in the maximum pressure over 
that due to a journal with no varying flexure, and the pressure 
gradients will become larger in all directions from the point of 
maximum. 

That this flexure, though slight, has an important influence on 
the action of the lubricant is, I think, strongly implied by the 
fact that crank pins have come to be run at a good deal higher 
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nominal pressure than main journals. No doubt the pressure ot 
the main journal is more affected by errors of alignment than that 
of the crank pin, but this does not seem enough to account for 
present practice. The crank pin is placed at a portion of the 
shaft subject to much smaller angular displacements than the main 
journal, consequently the bearing will be more uniform and the 
endward escape of the oil more difficult. Again, it is usually 
found that the two outer main bearings wear most rapidly, and 
this is probably due to the fact that a center bearing gets its 
maximum pressure only when the force from the engines on each 
side is in the same direction and nearly equal; consequently the 
angular displacement of the intermediate journal is then small. 
The opposite is the case with the outer bearings) This angular 
displacement of the journals no doubt makes it more imperative 
that a heavy bodied oil should be used in a large machine while 
lighter oils can be used in similar small machines, though the 
nominal pressure is about the same in both cases; but even if 
there was no such displacement the large journal would require 
a somewhat heavier oil. 

Professor Reynolds investigates the question of velocity of 
maximum bearing power and finds that with such perfect lubri- 
cation as was got with the oil bath, this velocity would have 
been from 1,500 to 2,000 revolutions per minute for Mr. Tower’s 
journal (4 inches diameter.) This estimate took account of 
the outflow of heat produced by friction and the diminishing 
viscosity of the oil with elevation of temperature in the film, 
which have often formed a considerable obstacle in thinking 
on the subject. As this speed lay so far outside the highest 
revolutions in the experiments, no very definite figure could be 
arrived at. With very imperfect lubrication this speed may be 
indefinitely lower. But in crank shaft and other bearings, where 
the direction of the force is reversed every half revolution, 
the oil has a much better opportunity to enter than in Mr. 
Tower's journal, and probably the velocity of maximum bearing 
power is high even with the oil supplied in the usual way. The 
effectiveness of the oil supply is shown, especially in crank pin 
bearings, by the fact that they are often run at considerably 
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higher nominal pressures than Mr. Tower found to be possible 
with non-intermittent pressure. Taking account of these facts 
it was considered best to adopt constant nominal pressures in 
calculating the shafts in this investigation, and I would have little 
hesitation in retaining this value when designing an engine having 
WM, the meaning of which is explained below, among the higher 
values used in calculating Figs. XIV to XXI. The mean sur- 
face velocity of the crank pin in the ten reference engines is 
given in columns XVI and XVII, Table XI. 

Much that has been said above with regard to the introduction 
of the lubricants will be found very strongly urged in recent 
papers by Mr. Dewrance* after a very extended series of experi- 
ments; thus confirming the deductions which were made from 
the earlier investigations, 

Other results of Mr. Dewrance’s experiments are very well 
worth noting. ‘“ These experiments were originally instituted 
to demonstrate whether with similar lubrication and conditions 
a bearing surface composed of one alloy would allow of a greater 
load than a bearing surface of another alloy, and they have 
proved that it will not. The composition of the metal of the 
bearing surface has little or no influence on the load that the 
bearing will support. In no case was there the slightest evidence 
that this point (seizing) was reached sooner with one alloy than 
it was with another, so long as the metal itself would support 
the load. The experiments leave no doubt that so long as a 
bearing runs fairly cool, the surfaces of the shaft and bearing are 
separated by films of oil.” The only advantage in lining the 
bearing is that the softer this metal the safer is the shaft from 
injury when seizing occurs. He advocates the compression 
test for alloys to be used, suggesting that before use it should 
be demonstrated that the point of first yield is considerably 
above the greatest load or shock to which it will be subjected 
in use. 

He also notices the corrosive effect of the oil on the bearing 
surfaces; showing that oleic acid, the most common impurity of 
lubricating oils, corrodes lead and zinc rapidly, and copper less 


* These papers are republished in the present issue of this JOURNAL. 
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rapidly, but that it does not attack tin and antimony appreciably. 
“ Even if the oil is free from acid it becomes charged with oxygen 
from the atmosphere which oxidizes the surfaces, the oxide it- 
self being immediately carried away by the oil.” Finally, he 
recommends the use of an alloy composed principally of tin, and 
only containing enough of the most suitable metals to harden it 
to the utmost. It is possible to make an alloy of tin which will 
not yield under the compression test he prescribes until loaded 
to 8 tons per square inch. 

Much useful information with regard to lubricants will be 
found in Prof. Thurston’s “ Treatise on Friction and Lost Work 
in Machinery and Mill Work.” * 

The horizontal scale in Figs. XIV to XXI is the value of F,, 
and the vertical scale to the left gives the dimension of the part 
of the crank shaft to which the curve refers. Each curve is cal- 
culated for a particular value of the ratio G’/F’,. As G/= 


000511 M’ P*/s and F’,, = F,, s*, each curve corresponds to a 
7 2 


particular value of = For brevity we may write 


= 1008 F, 4005 
The factor 400 in the denominator is introduced merely to make 
the numerical values of the ratio small. 

The values of Wl for the ten engines of the U. S. Navy are 
given in Table XI, columns XIV and XV, and it is at once seen 
that the curves cover much wider limits than occur in that table. 
Probably every engine running to-day, or likely to be built, has 
for J a lower value than 10, though many are nearer it than 
the engines quoted here. 

The curves for Ill =o, 2, 5, 8 and 10 were calculated by 
trial and error and those for 43M = 1, 3, 4, 6, 7 and g interpolated. 

There will, I think, be no difficulty found in using the curves, 
but for clearness and comparison with the results given in Fig. 
VIII an example is added. 

Example III.—As in Example I take the engine cylinders = 


* New York: John Wiley and Sons. 
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26 inches, 40 inches, 60 inches; stroke = 30 inches ; boiler pres- 
sure = 160 pounds per square inch; as before, = 64.11. 

Suppose also that it is intended to run the engine at 190 revo- 
lutions per minute. Then P=g50. It will be remembered that 
a sufficient allowance has already been made in deducing the 
curves for the actual revolutions and piston speed exceeding the 
intended. 

We have now to measure /’ into which the weight of the 
crank pin, half the webs and the lower end of the connecting rod 
enter. These in turn depend on the dimensions of the crank 
shaft which we wish to determine. But from precedent, or by 
the use of Fig. VIII, the dimensions will be nearly enough known 
for determining this part of the total weight. If the shaft dimen- 
sions turn out considerably different from those assumed, a 
single revision of the work with the modified weights will cer- 
tainly be sufficient. The weight of the piston and other parts 
can be directly estimated from the design. 

Suppose J/’ = 5,830 pounds—nearly the value which would 
be deduced from the Co/uméia. 

We have now to find the point on each diagram, the abscissa 
of which is given by /,, = 64.11 and which is above the curve 
I — 7 by 6 of the difference of the ordinates of the curves 
—7 and M—s. 

We get, 


| Dimension of shaft 

Ordinate for| = ordinate for 

Part of shaft. in| X stroke 

inches— | (= 30’), in 
inches. 


Main journal, diameter -364 10.92 
length of bearing 16.53 

Crank pin, diameter +392 11.76 
length between webs 4 | 18 39 

12.93 

8.10 
Span of main bearings, center to center... 52.23 
Clear distance between bearings 35.70 
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This example has been intentionally made as nearly as possible 
comparable with Example /, and the piston speed has been 
assumed comparatively high to show the absolute necessity of 
taking account of the inertia stresses if high speed engines are 
to be intelligently designed. 

It is found that the shaft is (10.92/10.35)* = 1.174 times as 
strong as in Example / and the crank pin is (11.76/10.50)® = 1.405 
times. 

The webs, for resisting fracture from turning moments, are 


= 1.327 times stronger. 


For resisting fracture from bending moments they are 
12.93 X 8.107 
11.55 X 7.65? 
The areas of the main journals are increased in the proportion 


a : 53 = 1.309 —_ and the area of the crank pin about 


11.76 X 18.39 
10.50 X 12.39 


= 1.255 times stronger. 


= 1.662 times. 


Thus, in this high speed engine, if the crank pin had been 
made of the dimensions given in Example /, instead of having 
440 pounds per square inch maximum pressure, it would have 
had nearly 600 1.662 = 997 pounds. The ratios in columns 
IV and V, Table XVI, show clearly that it is for the pressures 
on the bearings that the maximum for steam and inertia first 
exceeds that for steam alone. 

The dotted curve in each of the Figs. XIV to XXI is deduced 
from the corresponding full line curve in Fig. VIII, by means of 
the transformation explained on page 725, Vol. VIII. It thus 
corresponds to the shaft in line. The stress in the metal of the 
shaft is 15,000 pounds per square inch and the surface pressures 
on the crank pin and main journal 574 and 287 pounds per square 
inch respectively. The surface pressures are lower than for the 
full line curves, but for steam and inertia the curves of reaction 
on these two bearings have a sharper maximum than for 
steam alone, 4nd a somewhat higher pressure may be allowed: 
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in the former case. Consequently the full and dotted curves 
may be considered fairly comparable. Probably no one would 
think it advisable to adopt a stress of 15,000 pounds per square 
inch when steam stresses alone are considered, unless for excep- 
tionally strong steel. The dotted curve is introduced principally 
to show the points at which the maximum stress due to steam 
alone and that due to steam and inertia combined become equal, 
below which it would be entirely improper to use the full line 
curves. 

I will now notice a point of great importance exhibited by the 
foregoing tables of moments and by the curves of shaft dimen- 
sions. In Table XVIII is given the ratio of bending to turning 
moments from Tables I, XIII and X1V. 


TABLE XVIII._RATIO OF BENDING TO TURNING MOMENTS FROM 
TABLES I, XIII AND XIV. 


Column. I. | 111. 


Part of shaft. Af L.P. | L.P. crank pin. 


Steam alone. From Table I 


| 
d P |.141 
| From Table XIII -397 & -164 5 


From Table XIV 


| Steam and inertia.| 


As we saw earlier, an examination of Fig. VIII showed that 
the presence of the bending moments caused the curves for the 
shaft dimensions to rise more quickly than in proportion to the 
cube root of #,. The ratios of the bending to the turning mo- 
ments for this case are given in line (a), Table XVIII. Line (b) 
shows the corresponding ratios for steam, when steam and inertia 
are both considered. Here the ratios are all smaller than in line 
(a). But the corresponding ratios for inertia given in line (c) are 
much larger than those in line(a). Taking a particular engine run 
successively at higher and higher revolutions, the actual ratios of 
the bending to the turning moments in the several parts of the 
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shafts, measured at the points noted in Tables XIII and XIV, 
will pass from those in line (b), which correspond to P=o and 
9M — o, toward the ratios in line (c); which, however, they will 
neverquite reach. Thus an examination of the curves shows that, 
for the higher values of Wl, the dimensions of the shafts rise much 
faster than the cube root of /,. If it increased in this ratio, the 
diameter of the crank pin for /,, = 80 would be double that for 
F,=10. For 10 and F,=10 the crank pin diameter is 
.193. For I= 10 and F, = 80, instead of being .193 X 2 =.386, 
it is .473 and the ratio of strength is (.473/.386)—=1.84. TM—=10 
perhaps lies outside the limits of practice; but for Wl = 7, which 
is very well within these limits, we would have instead of 1.84, the 
ratio 1.62. The facts are even stronger than these figures appear 
to show. Suppose a number of engines are designed for, say, goo 
feet piston speed each of which has the same boiler pressure, 
stroke and cylinder ratios but in which the corresponding cylin- 
der diameters in the different engines are in the proportions 
V 10, V 20, V 30, etc., so that the values of F,, will be successively 


10, 20, 30, etc. Now consider the moving masses. The surface: 


of the pistons will of course vary nearly as the diameters of cylin- 
ders squared, but the thickness will also increase so that the mass 
of the piston will rise more quickly than 7. This rate will 
not usually be so fast as the cube of the cylinder diameters, for 
the parts lying near the circumference will generally increase 
more slowly than the piston body and there can be more economy 
of metal in a large than in a very small piston. The rate can- 
not be exactly stated, as it depends somewhat on the fancy of 
the designer. The piston rod and connecting rod shanks will 
increase approximately as ,,, but the parts about the crosshead 
and crank pin much faster if the surface pressures are kept con- 
stant. Thus on the whole, as we pass from /,, = 10 to higher 
values, we will also increase the ratio 47/7, and JM; that is, we 
will increase the shaft dimensions more quickly than if we could 
pass along a particular curve as we supposed when ascertaining 
the ratios stated above. 

Thus the bending moments, which we found for slow running 
engines should not be neglected, for high speed engines rise toa 
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position of great importance. Much valuable light might be 
thrown on the subject by a judicious analysis of data from frac- 
tured shafts; though the subject involves much labor and is 
greatly complicated by several considerations, such as the stiff- 
ness of the shafts and want of alignment of the bearings, accidental 
flaws in the material, &c., &c. 

This leads to the remark that there is a limit to the weight per 
indicated horse power attainable by increase of revolutions which 
has, perhaps, not always been clearly enough appreciated. Rather 
than discuss the matter fully I will give the simplest illustration. 
Suppose that by means of a crank and relatively long connecting 
rod we give a reciprocating motion, which will be practically sim- 
ple harmonic, to a uniform steel rod of one square inch section and 
16 feet long, the travel being one foot. The weight of the rod is 
about 55 pounds. Suppose any tendency to buckle is prevented 
and we wish the load per square inch not to exceed 5,000 pounds. 
When the revolutions are 250 per minute the stress due to inertia 
alone will be 585 pounds per square inch, and it will be allowable 


_to exert a force on the free end, as the steam presses on the 


piston, of 5,000 — 585 = 4,415 pounds. By doubling the sec- 
tional area and consequently the weight of the rod-we can exert 
another 4,415 pounds at the free end, and soon. When the revo- 
lutions reach 500 per minute the force it will be allowable to exert 
at the free end of the rod of one square inch section will be 
5,000 — 4 585 = 2,660 pounds, and by doubling the section and 
weight of the rod we now only gain an additional 2,660 pounds. 
When the revolutions have reached 731 per minute the whole al- 
lowable stress of 5,000 pounds per square inch is exerted by 
inertia and no increase of section would allow us to exert any 
force at the free end. The maximum work per pound of rod 
would be reached at much lower revolutions. If the force ex- 
erted at the free end consisted of a constant pull and push always 
exerted in the direction of motion of the rod, it can easily be 
shown that the maximum work exerted per pound weight of 
rod would be at 422 revolutions per minute. 

If the illustration had included the crank actuating the rod 
the result would have been even more striking, but the discus- 
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sion would have been too complex. All through high speed 
machinery there are similar limits existing. Thus for any one 
character of design (say an engine of any particular type with 
given stroke, cylinder diameters and steam pressure) and defi- 
nite factors of safety, it is impossible to build a machine to run 
faster than a perfectly definite speed ; and the economical speed, 
measured by work done per pound weight of machine, will 
“always lie far below this limit. Probably in many cases of high 
speed engines lightness has been obtained by an unintentional 
lowering of the factor of safety. 

As is no doubt well known, in two similar engines, run at the 
same piston speed and having the same boiler pressure, the 
weight per indicated horse power is directly proportional to the 
linear dimensions. (This follows at once from the proposition 
at the beginning of the paper. For the indicated horse power 
will be proportional to the cylinder areas—that is, to the squares 
of the linear dimensions—while the masses, moving and sta- 
tionary, are proportional to the third power.) This will also be 
true for the economical speed, as the stresses in the material of 
the two engines being the same at the same piston speed the 
economical speed with a given factor of safety must always cor- 
respond to one piston speed whatever the linear dimensions ; 
and the limiting speed spoken of above, beyond which an en- 
gine of definite type and definite factors of safety cannot be 
built to run, will correspond to a definite piston speed also. 

The inertia stresses are obviously cumulative as we pass from 
the piston to the crank shaft, so that the speed of the engine 
for which the maximum stress from steam and inertia is greater 
than that from steam alone, is higher for the parts above the 
crank shaft than for the crank shaft itself. Probably no engine 
ever runs so fast as to have the maximum stress in the piston 
higher than that due to steam alone. The consideration of 
inertia stresses will then require most addition to the lower parts 
of the moving masses and will consequently tend to decrease 
slightly the ratio of the parts producing turning to those pro- 
ducing crossbending. But the crossbending becomes so import- 
ant in high speed engines that, as can easily be verified, a small 


is 
al 4 
h 
ia 
le 
rt 
ik 
rt 
y 
d 
ye 
of 
d 


78 ON CRANK SHAFTS. 


reduction of this ratio will produce a much smaller proportionate 
reduction in the stress even in the aft main journal, where cross- 
bending is smaller than in the parts immediately forward of it. 

It is also very important to notice that this cumulative effect 
of inertia forms a powerful protection to the crank shaft 
against shocks from water or other obstruction in the cylinder. 
The brunt of the blow is taken by the upper portions of the 
moving parts, whose inertia has to be overcome; the slack of 
the main journal, crank pin and crosshead bearings being then 
always so disposed that it must be reversed before the crank 
shaft takes any of the shock. If the blow is not central the 
elasticity of the piston rod and other parts also increases the 
protection of the shaft. It is a matter of common experience 
that in almost all cases of breakage from such causes the upper 
moving and stationary portions suffer most. 


(Zo be continued.) 
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HOLLOW STEEL FORGINGS. 


By H. F. J. Porter, Cuicaco, 


[Read before the American Society of Mechanical Engineers, 1896.] 


By this name I do not refer to steel forgings that have been 
forged solid under a hammer or press and subsequently bored, 
but to forgings which have been “ forged hollow.” 

In order that I may not be misunderstood, I will briefly describe 
the process of making the type of forging referred to. Suppos- 
ing that we have designed a hollow shaft or roll or cylinder of 
outside diameter D, inside diameter D', length Z,and solid volume 
32D L, an ingot must be cast solid on end to forge it from, hav- 
ing a diameter 2 D, volume equal to }z D* LZ, but with length Z'. 
From the upper part of this ingot 25 per cent. is cut off and re- 
jected, and a hole of diameter D' is bored through the longitu- 
dinal axis of the remainder. The ingot is then reheated, a man- 
drel of diameter D' is run through the axial hole, and then the 
mass is forged down under a hydraulic press from 2 Dand length 
I) to D and ZL, the inside diameter D' remaining the same. 

The reasons for adopting this method of producing hollow 
forgings are many and various and the result of long experi- 
menting. In the first place, as the walls of hollow forgings are 
comparatively thin, the metal must be absolutely without flaw 
or defect of any kind, homogeneous throughout, and thoroughly 
worked. For this purpose, therefore, only open-hearth steel is 
used, and of a grade that will best insure satisfactory working. 
Its carbon may vary according to the purposes to which the 
forging will finally be applied, but its phosphorus and sulphur 
should not exceed .04 per cent. In order that the metal should 
be sufficiently worked to give it strength and toughness, the 


* The JouRNAL is indebted to the kindness of Mr. Porter for the use of the cuts. 
Some of the formule in this reprint differ from those published in the original paper, 
the changes having been made at the request of the author. The JOURNAL is also 
indebted to Mr. Porter for the proof sheets of a similar paper on ‘‘ Steel Forgings,’ 
read by him before the Western Society of Engineers, and published in the proceed- 
ings of that Society for January, 1897. Part of this second paper follows the above 
reprint.—EbIT. 
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best practice requires that the ingot should be at least twice the 
diameter of the finished forging. A 24-inch or 36-inch shaft or 
roll, for instance, would be worked down from 48-inch and 72- 
inch ingots respectively. Ingots of these sizes are liable to 
contain “blow holes,” “piping” and “segregation.” The upper 
and central portion, being the locality of last cooling, is the 
place where these defects are apt to occur. As a precautionary 
measure, therefore, ingots are made from 25 to 30 per cent. longer 
than necessary, so that if any defects should happen to occur, 
the part containing them can be cut off. Of all the various 
methods that have been devised to secure ingots which are solid 
and homogeneous and free from all of the above defects, the 
most efficient and most to be depended upon is the “ Whitworth 
process of fluid compression.” This consists in subjecting the 
metal in the mould, while fluid, to hydraulic pressure up to 7,000 
tons if necessary (Fig. 1). This pressure is continued until 
the metal is solid throughout, great care being taken to cool 
the ingot slowly and equally on all sides to prevent strains or 


cracks forming from unequal contraction (Fig. 2). After it has 
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Fig. 2.—INGoT SOLID AS COMING FROM THE MouLD. 
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cooled, the upper part is cut off, and a hole nearly the size re- 
quired in the finished forging is bored through it (Fig. 3). This 
cutting off of the top and boring out of the center take away those 
portions of the ingot where impurities may have concentrated 
and where there may have been a tendency toward “ piping,” 
and we now have a piece of steel which is as nearly perfect as 
can be produced, and it is ready for the forging process. 


Fic. 3.—BorEeD INGOT. 


First, it must be reheated, and as much care has to be taken 
in this process as was taken in its cooling, one being simply the . 
reverse of the other. The heat must penetrate it slowly and 
uniformly, and its hollow shape now assists in accomplishing 
this result. In reheating a solid ingot, cracks are apt to form 
in the center, owing to the expansion of the exterior from more 
rapid heating. The hole in the center of the hollow forging, 
however, allows the interior and exterior to expand together, and 
relieves this tendency to crack. After being reheated, a man- 
drel of the proper size to fit loosely into the hole is inserted, and 
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the piece is taken to the press, where the metal is drawn out 
over the mandrel to the required dimensions (Fig. 4). 


Fig. 4.—HOLLOW-ForGING A SHAFT 5,000-ToN Hyprautic Press. 
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One of the primal requisites in forging is the proper selec- 
tion of forging tools, suitable in design and power for the work 
in hand. The pressure applied in shaping a body of steel 
should be sufficient in amount and of such character as to pene- 
trate to the center and cause flowing throughout the mass. As 
this flowing of the metal requires a certain amount of time, the 
required pressure should be maintained throughout a corre- 
sponding period. The hydraulic press instead of the hammer 
is therefore used to work it into shape. Under its action the 
forging is slowly operated upon and the pressure distributes 
itself evenly throughout the mass, whereas under the high 
velocity of impact of the hammer the metal does not have time 
to flow, and thus internal strains and possibly cracks are caused, 
The latter would be fatal defects, for, as steel has not the 
property of welding, they cannot be remedied. Besides, the 
undesirability of using the hammer on steel for tht above rea- 
sons, it is a very difficult matter to make a forging of this char- 
acter, except by the use of the hydraulic press. A slow and even 
pressure is absolutely necessary to draw out the thin cylindrical 
walls equally and make a forging that is straight and symmetri- 
cal throughout. The varying impact of the hammer works the 
metal so unevenly that the mandrel is apt to stick fast in the 
hole. For this type of steel forging, therefore, it is practically 
imperative that the press be used, and thus the metal is unavoid- 
ably subjected to the best method of treatment. 

During this process of working down the metal from 2D to D 
and extending it from Z' to Z (Figure 5), it is probable that the 
entire piece, or at least the end of it which is being worked upon, 
will have to be reheated from time to time. Operating on metal 
which has become too cold to flow would injure it by disturbing 
the continuity of its structure, and thus establishing lines and 
planes of weakness. 

Considering all the manipulation to which the piece has been 
subjected during the process of shaping it to the proposed design, 
together with its frequent partial heatings and irregular coolings, 
it undoubtedly has strains set up in it. To relieve these strains, 
it must be subjected to a final treatment of “annealing.” This 
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treatment consists in heating the forging slowly in a furnace and 
then allowing the latter to cool down slowly with the forging in 
‘it. AM forgings, whether hollow or not, should be annealed, other- 
wise there is a certainty of “forging strains,” developing into 
weakness after they have been in service, causing them to get out 
of true, with a possibility of their breaking, particularly if sub- 
jected to alternating stresses, as in heavily weighted shafts or 
connecting rods, and especially piston rods, which are subjected 


FiG. 5.—SHAFT IN PROCESS OF BEING FORGED. 


to changing temperature. Annealing not only relieves these 
strains, but gives a finer grain, and increases toughness. 

On this and other treatments of steel after forging depend toa 
great extent its physical qualities, and its strength will vary ac- 
cordingly from that of the best wrought iron to between three and 
four times that amount. I refer not so particularly to the “ ulti- 
mate strength” as I do to the “elastic limit” and toughness 
and ductility, as shown by the “elongation” and “contraction 
of area.” Annealing generally lowers the elastic limit slightly 
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in well-made forgings, annealed forgings showing it to be about 
47 per cent. of the ultimate strength. It considerably increases, 
however, the “ elongation” and “contraction.” If it is desired to 
develop these qualities to their fullest extent in any grade of steel 


“tempering” is resorted to. This consists in heating the forg- 
ing to a temperature which experience has shown to be right 


FiG. 6.—TEMPERING PLANT. 
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according to the purpose to which the forging is to be put, and 
then plunging it into a bath of oil or other suitable liquid. It 
is then carefully annealed. This double treatment (which is 
properly covered by the one word “tempering”) tends to 
harden it, breaks up the crystalline structure due to forging, 
and modifies the physical properties by increasing the elastic 
limit and adding toughness. Forgings must be hollow to be 
tempered successfully, to allow the heat to be drawn from their 
interior as rapidly as from their exterior when they are sub- 
jected to the cooling effect of the bath, otherwise strains may be 
induced which result in weakening instead of strengthening them. 

Authorities on machine design (vide Unwin, Seaton, e¢ a/.) say 
that solid shafts up to 10 inches in diameter may be subjected to 
a fiber strain of 9,000 pounds in wrought iron and 12,000 pounds 
in steel. Above 10 inches in diameter, however, iron shafts must 
not be subjected to more than 8,000 pounds, and steel shafts to 
more than 10,000 pounds. The reason assigned is, that forges 
do not possess hammers heavy enough to affect the center of 
shafts larger than 10 inches in diameter; or if by top steam or 
long drop they are able to be felt through the whole forging, 
the effect is produced by velocity of impact rather than by 
weight of falling mass. This, however, damages the surface, 
having a tendency to draw it out, and leave the central portion 
behind, thus producing a tearing strain on the core, causing 
at times actual cavities. Heavy shafts forged under light ham- 
mers show the effect of this treatment in having concave ends 
(Fig. 7), while shafts forged under sufficiently heavy hammers 
or under the hydraulic press show bulging ends, the metal in 


the center, where it is hottest and softest, being pressed out 
(Fig. 8). Another reason why authorities place a higher safety 
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factor on large shafts, especially of steel, is on account of the 
liability of steel ingots to have “ piping” and other defects in 
their center. 

With hollow forgings manufactured under the processes here 
described, these objections are met by using fluid compressed 
steel and subsequently taking out the possibly defective center 
altogether. By substituting for the center, during the process 
of forging, a mandrel, the latter acts.as-an internal anvil, and by 
this means even in the largest hollow shafts the thickness of metal 
worked upon can be brought within the limits above mentioned. 
The use of hydraulic presses having a capacity of from 2,000 to 
14,000 tons, selected according to the size of the forging under 
treatment, can leave no doubt in the most incredulous minds that 
the metal has been thoroughly worked. Take, for instance, the 
Ferris wheel shaft, the largest ever made, 32 inches in diameter, 
with a 16-inch hole through it (Figure 9). The walls of this shaft 
are only 8 inches thick between the mandrel and the press, and 


Fic. 9.—THEe Ferris WHEEL SHAFT. 
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the metal, therefore, is in better condition, as far as its physical 
properties are concerned, than in an 8 inch solid shaft, the center 
or poorer portion of which has not been removed. 
By the use of the usual formula, we have a means of compar-. 
ing figures. For solid shafts of diameter @ in inches: 
(1) When the shaft is subject to twisting only, 
Let P= twisting force in pounds at end of lever arm. 
r = lever arm in inches. 
s = safe shearing resistance of the metal in pounds per 
square inch. 


Twisting moment 7= Pr = moment of resistance = as and. 
Pr = .1963d°s, and d= 


(2) When the shaft is subject to dending only, 
Let P= bending force in pounds. 
/ = distance between supports in inches. 
t = safe tensile resistance of the metal in pounds per square 
inch. 


Bending moment B = } P’= moment of resistance = 32° and 


3} 
Pl = .3927d%, and d= 2.55 


t 


' And for hollow shafts, letting d and a’ = the outside and inside 


a—ad" 
diameters in inches, as —' d by substituting in the 
_ above we have, 
(3) Pr = .1963 d= 
(d'— 2.55: 


(5) When the shaft is subjected to both twisting and bending 
simultaneously, the combined strain may be measured by cal- 
culating what is called the equivalent twisting moment 7’. 


i 
: 
. 
| 
i 
i 
{ 


HOLLOW STEEL FORGINGS. 95 


If 7= the twisting moment and B = the bending moment as 
above, the equivalent twisting moment 


T=B+V B+ 


Assuming that steel less than 10 inches in thickness may be 
submitted to a fiber strain of 12,000 pounds per square inch, 
and when 10 inches thick and thicker it must not be submitted 
to a greater strain than 10,000 pounds per square inch, we may 
so reduce the thickness of metal operated upon in shafts of larger 
diameter than 10 inches, by hollow-forging them, that the walls 
will be less than 10 inches in thickness, 

By the above formulas, hollow-forged shafts are shown to be 
as strong or stronger than solid shafts of the same diameter. 
Taking for example the shaft above mentioned, 32 inches outside 
diameter, 16 inches inside diameter, we find that when compared 
with a solid shaft of the same size it has lost 25 per cent. in weight 
and gained 8 per cent. in strength. 

With the substitution of steel for wrought iron in the trades 
for engine and miscellaneous forgings, the tendency has naturally 
been to use a mild or soft steel approaching iron as regards physi- 
cal qualities and in the ease with which it can be machined. 
Wrought iron has a low elastic limit, averaging about 20,000 
pounds per square inch in large sections, where proper care is 
taken in its production. Its strength is apt to be impaired by 
imperfect welds and porous spots enclosing slag and scale.* 

Although mild steel, when of good quality, is superior to 
wrought iron in strength, toughnesss, homogeneity, and free- 
dom from danger of such defects, still it does not possess the 
very desirable quality of high elastic strength combined with 
ductility or toughness in as great a degree as can be obtained 
without danger in a harder steel, when proper precautions are 
taken in its manufacture. In other words, in the use of ordinary 
mild steel, only a partial advantage is taken of the most desir- 
able qualities of steel which are easily within reach. In some in- 
stances where the amount of machine work in finishing is very 
great and there is ample margin of safety in the design—as, for 


*See extract at the end of this paper —EDIT. 
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instance, is often the case with connecting rods—the use of mild 
steel may be advisable. Such steel contains about .20 to .25 of 
one per cent. carbon, and can be guaranteed to show, in speci- 
mens } inci diameter and 2 inches long between measuring 
points, cut from full-sized prolongations of forgings or from rep- 
resentative pieces, a tensile strength of not less than 57,000 pounds 
per square inch, and an elastic limit of not less than 27,000 
pounds per square inch, with an average elongation of 25 per 
cent. 

For the general run of engine forgings, however. a harder steel 
should be used in which a tensile strength of about 75,000 pounds 
and an elastic limit of 35,000 pounds per square inch can be 
obtained, together with an average elongation of 20 per cent. 

When proper precautions are employed, forgings can be made 
with perfect safety of a still higher grade of steel, and this is 
especially recommended for crank and crosshead pins and for 
machine parts subject to severe alternating strains and wearing 
action. In this grade of steel, a tensile strength of about 85,000 
pounds and an elastic limit of about 40,000 pounds per square 
inch can be obtained, with an elongation of 15 per cent. 

If steel forgings are tempered, they will possess still higher 
qualities than those above mentioned, and can be furnished with 
a tensile strength of 85,000 to 90,000 pounds and an elastic limit 
of 45,000 to 55,000 pounds per square inch and an elongation of 
20 to 15 per cent. 

By introducing about 3 per cent. of nickel into the composi- 
tion of steel, a finely granular or amorphous condition is obtained 
in forgings, and the very highest quality of steel is attained. 

By the combination of hollow-forging and tempering this nickel 
steel, a material is obtained excelling all others known in elastic 
strength and toughness. As an example of this can be men- 
tioned shafts made for the United States warship Brooklyn. These 
showed in specimens cut from full-sized prolongations a tensile 
strength of 94,245 pounds, an elastic limit of 60,775 pounds per 
square inch, an elongation of 25.55 per cent. and a contraction of 
area of 60.58 per cent. 
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Professor Merriman is quoted, in a paper read before the Society 
of Naval Architects and Marine Engineers in 1893 by R. W. 
Davenport, as estimating the strength of these shafts compared 
to solid shafts as follows, when strained to one-half their elastic 
limit : 

1. Propeller shaft United States steamship Brooklyn, nickel 
steel, hollow forged; outside diameter, 17 inches; inside diam- 
eter, 11 inches; weight, 19,112 pounds. 

a. Horse powers transmitted at 50 revolutions per minute, 
15,780. 

6. Load in pounds at middle of a span of 12 feet on two sup- 
ports, 276,200. 

2. Simple steel shaft, solid, 13 inches diameter (same weight 
and sectional area as above). 

a. Horse powers transmitted under similar conditions, 5,130. 

4. Load in pounds under similar conditions, 89,000. 

Comparative strength of these two shafts as 3 to I. 

3. A solid shaft of simple steel of the same strength as the hol- 
low-forged nickel steel shaft would be 18.9 inches diameter, and 
weigh 53 per cent. more. 

Hollow-forged fluid-compressed steel of .40 to .45 of one per 
cent. carbon, and more especially nickel steel, oil-tempered, is 
markedly adapted for piston rods of rock drills, mining machines, 
and hydraulic presses, and for drop-hammer rods, stamp stems, 
cam shafts, and similar pieces that are subjected to stress alter- 
nating between tension and compression, or of either kind, fre- 
quently repeated. By substituting steel of this grade, which 
would have an elastic limit of about 60,000 pounds per square 
inch, for wrought iron or mild steel, which is generally used for 
the purpose, and by so proportioning the cross section that the 
metal is not strained beyond one-half the elastic limit, so-called 
“crystallization” from shock or vibration does not occur and its 
life is prolonged indefinitely. 

Undoubtedly the best type of hollow forging, and one which 
is gradually being adopted both for shafts and rolls, is where the 
walls are of the same thickness throughout, the outside and inside 
diameter varying together, both being greatest at the center, 
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where the strength is required, and smallest at the bearings (Fig. 
10). Such a shaft is built on the principle of a girder, and offers. 
the greatest strength for the least amount of metal. 


Fic. 10.—A HoLLow SHaFT or ROLL. 


The ability to produce forgings of this hollow variety has led 
to their adoption in many places where castings, both of iron and 
steel, have previously been used. ‘This substitution has resulted 
in considerably lightening the dimensions of such pieces, and also. 
the parts in which they rest or move. 


Fig. 11. 


Prominent among hollow forgings are the Ferris wheel shaft, 
32 inches outside diameter, 16 inches inside diameter, 45 feet long, 
weighing 89,320 pounds; and shafts for the steamers Furi‘an, 
Plymouth and Pilgrim of the Old Colony Steamboat Company, 
203 inches outside diameter, 9 inches inside diameter, and weigh- 
ing 65,832 pounds each. Shafts for the Navy are made hollow, 
and those for the steamers Mew York, Faris, St. Louis and Sz. 
Faul, of the International Line, are 21 inches in diameter, crank 
pins 22 inches in diameter, with a 10-inch hole through both. 
Field rings of nickel steel were hollow-forged for the 5,000 horse 
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power Westinghouse dynamos at Niagara Falls, 11 feet 7§ inches 
diameter, 4}4-inches thick and 4 feet 2} inches wide, weighing 
28,840 pounds (Figure 12). 


12.—FieLo RinG FoR 5,000 Horse Power DyNamo. 
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Thus it}willj,be seen that there is scarcely any limit, either in 
length or diameter, to the proportions of forgings which can now 
be made by processes which have been perfected. In this, as in 


Fic. 13.—PROPELLER SHAFT FOR STeameRs ‘‘ST. Louis” AND “*ST. PAUL: LENGTH, 53 FT. 5.IN, 


every other direction, the demand seems to have been more than 
met by the enterprise of the manufacturer, and as a wide field is 
opened before them for the display of their prowess, it would seem 
as if engineers are rapidly taking possession of it. 


Fic. 14.—CRANK AND THRUST SHAFTS FOR STeamers “ST. Louis” AND ‘‘ST. Paut.” 
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STEEL FORGINGS. 


By H. F. J. Porrer, Cuicaco, ILtinots. 


[Extract from a paper read before the Western Society of Engineers, Chicago, 1896.} 


When the Bethlehem Iron Company built their forge they de- 
cided that they would turn out steel forgings only. There were 
various reasons for coming to this determination, but the princi- 
pal one was that they had already passed through the stage where 
they had changed the product of their rolling mill from iron to 
steel, and they knew the benefit that would accrue to forgings by 
making them of steel also. I could go into various other reasons 
which determined them to adhere to steel and not take up iron, 
but I cannot give you some of these more readily than by read- 
ing a few words from what W. F. Durfee, of New York, has to 
say on the subject of “Wrought Iron.” The article from which 
I quote appeared in the August number of the Iron Age and is a 
copy of a lecture delivered before the Franklin Institute a short 
time previously. 

“The term ‘wrought iron’ is popularly supposed to designate 
a metal, but it is really the name of a mechanical admixture which, 
at its best, consists of clusters of crystals (which may with pro- 
priety be regarded as compound crystals) of practically pure iron, 
separated from one another, as the result of the manipulative pro- 
cesses employed, by films or threads of an unavoidable impurity 
called ‘cinder. * * * Inthe manufacture of wrought iron, 
the pig, or other variety of cast iron, is first deprived in a more 
or less imperfect degree, of its carbon and other impurities by 
what is known as the ‘puddling process,’ This process may be 
— described as consisting of four distinct operations, viz.: 

. The melting of the pig iron. 

. The boiling of the melted metal in a bath of liquid cinder 
aces mainly of silicate of protoxide of iron) until the iron 
(which owing to its loss of carbon and other impurities can no 
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longer remain fluid at the temperature employed) begins to so- 
lidify in the form of small granules or crystals, which can be seen 
moving amid the boiling cinder like white hot peas in a red hot 
soup. When the iron begins thus to granulate or crystallize, it is 
said to be ‘ coming to nature.’ : 

“3. Thecollection, by the puddler, of these granules or crystals 
into distinct masses called ‘ ball’~which may with propriety be 
regarded as white hot sponges of iron saturated with liquid cinder, 
which fills all their numerous accidental and irregular cavities. 

“4. The squeezing or hammering of these balls while still at a 
welding heat into more solid masses, which are called blooms. 
These contain much less cinder and other impurities than the 
balls, but are far from being uniform in structure; for when the 
balls are squeezed or hammered (this last operation is often called 
‘shingling’) for the purpose of expelling the cinder and welding 
the granules or crystals of iron into a homogeneous mass, the 
attempt is never wholly successful ; also as the metal cools, the 
cinder quickly acquires a pasty consistency and flows with diffi- 
culty, and a large portion inclosed in the interior cavities of the 
ball is merely flattened or elongated. Hence, it will be seen that 
the bloom is composed of a compact mass of granules or crystals 
of iron, separated from one another at numerous points by films, 
layers or strings of cinder of very irregular dimensions. * * * 


-When a properly heated bloom or other similarly constituted 


mass of wrought iron is subjected to the action of the hammer or 
rolls, the contained cinder endeavors to escape from its entangled 
mechanical alliance with the crystals of the iron, and in so doing 
each particle thereof is driven into some line of least resistance, 
which is always finally located ina plane at right angles to the direc- 
tion of the force acting upon the metal. * * * The direct 
consequence of the elongation of its compound crystals, and the © 
effort of the intervening cinder to escape in the direction of least 
resistance while the wrought iron bloom is being forged or rolled, 
as before described, is the establishment of that structural pecu- 
liarity in the resulting bar known as ‘ fiber,’ which is one of the 
most conspicuous features of wrought iron and one not found in 
any other variety of ferruginous materials. When certain of the 
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films or threads of cinder in a bar of wrought iron are so large 
as to be distinctly visible on its surface to the unassisted eye, they 
are called ‘sand seams’ or ‘ cinder cracks.’ 

“* * * Steel is iron freed from mechanically mixed impuri- 
ties, such as cinder, etc., by a melting process during which there 
is combined with it chemically a small percentage (not large 
enough to prevent the metal being forged or rolled) of other im- 
purities, introduced for the purpose of modifying its strength, 
hardness, elasticity or ductility in such a way and degree as to 
adapt it to the particular use to which it is to be applied. In 
short, while wrought iron is iron having (as the unavoidable re- 
sult of the methods employed in its manufacture) its impurities 
mechanically mixed therewith, steel is iron having (as the result 
of the adoption of appropriate manufacturing processes) its im- 
purities chemically combined.” 

I have gone rather at length into this paper, because Mr. Durfee 
has put in a few words a great deal of food for reflection. Many 
people say that they prefer iron to steel even to this day on ac- 
count of “ fiber.” Ifthey would only look into the subject a little, 
they would find that “fiber” is nothing but cinder which cannot 
be a desirable constituent of a forging which must depend upon 
the soundness of its welds to hold it together. Mr. Durfee makes 
that very plain. What is wanted is a metal free from impurities 
so that molecular attraction can be depended upon to give it 
strength. Such metal is obtained by the process adopted in the 
manufacture of steel. In that process the metal is melted and 
the cinders float on top and are taken off, leaving a homogeneous 
mass. underneath, and the only impurities that are in it are what 
have been chemically combined in it for the purpose of increas- 
ing its strength or modifying its physical properties. 
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MACHINERY BEARINGS. 


By Joun Dewrance, Assoc. M. Inst. C.E. 


[Read before the Institute of Civil Engineers, 1896.] 


In this paper are presented the results of a series of experi- 
ments undertaken by the Author to determine the frictional 
resistance to shafts revolving in bearings under varying loads, 
when subjected to different conditions. The testing machine 


used is shown in Figs. 1. The journals upon which the experi- 
ments were made were 10 inches and 4 inches respectively in 
diameter, and formed part of a shaft supported at its ends in 
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plummer blocks. A saddle rests upon the upper bearing and is 
connected through four bolts compressing springs to a plate 
pressing upon the under side of the lower bearing. The load 
carried by the journal can therefore be varied with the degree of 
compression of the springs, the pressure upon the upper bearing 
being greater than that on the lower by an amount equal to the 
total weight of the saddle, spring and bearings, generally about 
16 cwt. It was not convenient to apply a thermometer to the 


lower bearing, so the observations were usually confined to the 
upper one, which, having to support the greatest load and being 
at a disadvantage as regards lubrication, generally failed first 
When the saddle had been fitted with a pair of bearings the four 
bolts were evenly screwed up, the amount of compression being 
indicated by scales and pointers on each side. When loaded, the 
saddle was free to turn with the shaft through a certain range, 
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and a spring balance, fitted, as shown in the Figure, to retain 
the saddle vertical, indicated the amount of the force required to 
turn the shaft. 

The first experiments were made upon a pair of 10-inch by 
16-inch bearings having two oil holes on the top center line. 
They were carefully fitted about ,; inch larger in diameter than 
the journal, but they would not run cool with the weight of 
the saddle alone. When a channel was made to connect the 
two holes and to lubricate the part of the bearing between them, 
the result was not greatly improved. When oil was thrown up- 
on the shaft at the openings between the bearings they began at 
once to sustain loads more or less satisfactorily, but the oil 
issued from the holes at the top. The pressure indicated on a 
gauge connected to the center of the bearing was equal to the 
greatest load that could be applied to the large bearing ; the 
experiments were, therefore, transferred to the 4-inch shaft with 
a bearing upon which the same load represented a greater press- 
ure. A long series of experiments resulted ultimately in a 
pressure of 2,300 lbs. per square inch being recorded. The 
bearing was taken out and the surface dressed with a view to 
obtaining even greater pressures. When, however, it was re- 
placed the following day, instead of continuing to deliver oil at 
the gauge connection as hitherto, the bearing would take oil 
rapidly. The pressure gauge was removed and a vacuum gauge 
substituted, when it was found that a vacuum equivalent to 30 
inches of mercury existed where previously a high pressure had 
been recorded. The bearing still ran cool and well, as shown in 
Table I of the Appendix. 

When taken out there was nothing in its appearance that at 
first sight accounted for the change described, but further exam- 
ination revealed that, although the back of the bearing had been 
planed, it was, from some cause, not quite flat, the center of the 
bearing taking all the load. This had sprung the bearing 
slightly and had worn the central part of the surface. When 
the load was removed the center sprang back, leaving that part 
of the surface round the hole separated from the shaft. The 
load applied during subsequent experiments had not been suffi- 
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cient to spring the bearing flat again. The experiments on this 
point were continued until a bearing was produced that, when 
placed on to the shaft one way, gave a pressure in a hole at the 
center of the bearing and, when reversed, gave a vacuum at the | 
same point. As a result of the observations made during the 
foregoing experiments, an arrangement was set up which is 
shown diagrammatically by Fig. 3 to illustrate the way in which 
oil lubricates a bearing. . 
If oil is slowly poured on to a revolving shaft, it accumulates in 
a thick ring, most of which can be wiped off by the hand. The 
oil next to thé shaft adheres more firmly than that which is 
further away. Ifthe oil ring be imagined to be composed of films 
of oil, each of the thickness of a molecule of oil, the first film has 
the solid shaft to adhere to. The second is separated from the 
shaft, but it can adhere to the first, which is itself firmly held. 
Each successive film is less influenced by the force of adhesion 
that exists between the shaft and the oil, until the point is reached 
at which centrifugal force is stronger than the adhesion and the 
oil flies off the shaft. If a shaft be rotated in a bath of oil, the 
ring of oil is also formed. In Fig. 2 the circle represents a shaft, 


Fig. 2. 


on the top of which a flat plate rests. However light this plate 
may be, it affects the ring of oil immediately it touches it. Un- 
less the plate entirely stops all the oil from passing round with 
the shaft it must float upon that part of it which remains between 
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it and the shaft. There must, in other words, be a film of oil at 
a sufficient pressure per square inch acting on the narrow surface 
of contact to support the total load put upon the plate. This pres- 
sure is the result of the multiplication of the force of adhesion of 
the oil to the shaft by the inclined plane formed by the plate to 
the shafts.* The velocity of the oil is also increased in the same 
way. If the load on the plate is a light one the adhesive force 
is sufficient, when increased by the inclined plane, to produce 
the pressure required to lift the plate and carry several films 
round with the shaft; but, as the load is increased, fewer films are 
able to pass the plate until the point is reached at which the sur- 
faces abrade one another for want of lubrication. 

If a hole is made through the plate, this pressure can be ob- 
served, increasing as the hole approaches the point at which the 
plate rests upon the shaft. If the hole is pushed beyond this 
point a vacuum is produced. The oil and air in the hole adhere 
to the films and are carried round with the shaft by surface ad- 
hesion. A flat plate was employed in this experiment, as it was 
easier to observe the relative position of the hole. The conditions 
are not greatly changed if the diameter of the shaft be reduced 
and the plate curved. A bearing that exactly fits the shaft all the 
way roundwill not run cool,and the well known fact that a bear- 
ing must not be tight at the side indicates that the inclined plane 
must exist in some form or other. All successful bearings are 
constructed with an inclined plane in some form, and the load that 
a bearing will sustain is determined by the inclination. If the 
angle is sharp it will not multiply the adhesion of the oil so much 
as if it is more gentle. By suitably adjusting the inclination it 
has been found possible to pump oil between the surfaces to a 
pressure of as much as 3,000 lbs. per square inch. 

These experiments were originally instituted to demonstrate, 
whether with similar lubrication and conditions a bearing surface 
composed of one alloy would allow of a greater load than a 
bearing surface of another alloy, and they have proved that it 


* Another explanation of the phenomenon is given: see On the Conversion of 
Heat into Work,”. by Dr. William Anderson, F.R.S., 2d edition, p. 19.—Skc. Inst. 
C.E. 
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will not. The composition of the metal of the bearing surface 
has little or no influence on the load that the bearing will sup- 
port. Bearings composed of a metal that may, under certain 
circumstances, seize at a pressure of 20 lbs. per square inch, 
have been run with a load of more than 3,000 lbs. per square 
inch, and many different kinds of metal have been used in bear- 
ings that have run loaded to more than I ton per square inch. 
At these loads the lubrication becomes so uncertain and diffi- 
cult that the point at which it fails is due to conditions that can 
not be observed. In no case was there the slightest evidence 
that this point was reached sooner with one alloy than it was 
with another, so long as the metal itself would support the load. 
The experiments leave no doubt that so long as a bearing runs 
fairly cool the surfaces of the shaft and bearing are separated by 
films of oil. If the number of films is small it is possible to have 
considerable heating without actual seizing, but if the films of 
oil are entirely absent the surfaces adhere or seize at once. The 
simplest example of this kind of adhesion is afforded by the 
abrasion of an iron surface by a piece of brass. The crystals of 
the iron tear out crystals from the brass. By burnishing the 
iron surface this tendency is reduced to a minimum, and by cor- 
roding the surface chemically it is increased to a maximum. If 
the pressure and speed are low, a great deal of brass can be torn 
from the high places of a bearing, especially if there is a good 
supply of oil. 

When a bearing that has worn to a surface is allowed to rest 
upon the shaft without the intervention of a film of oil, and the 
crystals of the bearing adhere to the shaft, they must make an 
elevation on the shaft that would prevent it being turned except 
by a force sufficient to lift the load on the bearing to the height 
of the elevation due to the crystals. This would concentrate 
the whole load on this elevation, with the result that more crys- 
tals would be dragged out. If the load is very great, say more 
than 1 ton to the inch on an 8-inch by 4-inch bearing, seizure 
has occurred with a suddenness almost startling ; but the pres-. 
ence of oil in some parts of the bearing, and the lower loads 
used in practice, generally make the seizing more gradual. 
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A piece of iron will not leave a mark upon a surface softer tham 
itself ; it becomes coated with the softer metal. If the bearing is 
of a material of which the crystals are individually stronger than: 
those of the.shaft,the crystals of the shaft adhere to the bearing, 
which, being stationary, causes the crystals to be heaped up in 
one place instead of being carried round and spread over the 
whole circumference of the shaft. This is the reason that the 
seizing of a cast iron bearing is often attended with such dis- 
astrous results, and there can be no doubt that the softer the 
metal of the bearing the safer is the shaft from injury from seizing. 
Many hundreds of experiments were made upon the machine with 
soft metal bearings without injury to the shaft, but when similar 
experiments were attempted with hard bronze bearings the shaft 
was several times injured and had to be turned. 

It is possible under some circumstances to provide sufficient 
lubrication without intermission. When this is the case, the 
shaft revolves in oil, and it is surprising with what a small power 
a heavy load can be supported, and how small the destruction of 
the surfaces may be under these conditions,as shown in Table IL 
of the Appendix. 

It is well known that even when the lubrication has been con- 
tinuous the surface of the bearing has suffered considerably, and 
in some cases the surface of the shaft. If it is accepted that, so- 
long as a bearing works cool and shows no sign of seizing, the 
surface and shaft are separated by films of oil, it is at first sight 
difficult to see how either metallic surface can wear away.° In 
some cases the oil contains grit which is carried between the 
surfaces and scratches them. It has been proved on the testing 
machines that dust that will float in a quiet atmosphere is usually 
less in bulk than the thickness of the film of oil. Had this not 
been the case the experiments could not have been conducted 
where they were, as the machine was exposed to a considerable 
amount of floating dust. 

The corrosive effect of the oil itself on the sufaces does not 
appear to have been hitherto recognized. It was first observed 
when experimenting with a pair of bearings of pure lead upon the 
10-inch shaft. Olive oil was used, but after passing through the 
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bearing several times, it became black and thick. This oil, after 
filtration, was composed of 16 per cent. of oleate of lead, 9.57 per 
cent. of oleic acid and 74.62 per cent. of olive oil and glycerine. 
Oil of the same quality was then run through bearings composed 
of hardened tin, which were found to be but little affected. Disks 
of the metals used in the manufacture of bearings were immersed 
in oleic acid, and occasionally drawn up out of the acid so as to 
be exposed to the air. Lead and zinc rapidly corroded away ; 
copper was corroded, but to a less extent. Tin and antimony 
were not appreciably affected. Oleic acid appears to attack lead, 
zinc and copper with great avidity. Even if the oil is free from 
acid it becomes charged with oxygen from the atmosphere which 
oxidizes the surfaces, the oxide itself being immediately carried 
away by the oil. A great number of experiments showed that a 
bearing composed of an oxidizable metal, such as hardened lead, 
could be worn and scraped to a surface corresponding to the shaft 
in a quarter of the time required to produce the same effect on 
a bearing composed of hardened tin. For this reason a number 
of the special forms of bearing was made of hardened lead. Har- 
dened zinc was tried in one instance, the bearing being tested by 
hydraulic pressure after the usual pressure gauge holes were 
drilled, and oleic acid being used as a lubricant. The acid at- 
tacked the surface so rapidly that instead of improving it became 
worse as time elapsed. Oil was then used, but when the surface 
had arrived at the point of delivering it at pressure, it was found 
that the oleic acid had soaked into the pores of the metal and so 
corroded it that the oil oozed out all over the bearing at very 
slight pressure. The alloys of zinc are probably the most crys- 
talline used for bearings, and there seems to be no doubt that the 
size of the crystals greatly affects the rapidity of chemical cor- 
rosion. 

This open grain or crystalline structure occurs more or less in 
all bronze castings, and renders them more subject to chemicat 
corrosion than would otherwise be the case with an alloy of 
copper and tin. The chief recommendations of bronze as a ma- 
terial for bearings are its high melting point, and its capacity of 
resisting high compressions. The melting point of the tin alloys 
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is 500 degrees Fahrenheit. The alloys of lead and of zinc vary 
more than the tin alloys, but their melting points are not much 
higher. 

With suitable lubrication bearings should run cool; if the 
temperature rises above 200 degrees, the viscosity of the oil is so 
much reduced that the bearing will probably seize. There is 
considerable difference of opinion as to whether a bronze bearing 
will behave better than a tin bearing under such circumstances. 
The bronze bearing will, if allowed to run after it becomes heated, 
almost certainly injure the shaft, but the tin-alloy bearing will run 
till the temperature reaches 500 degrees, without injury to the 
shaft. Higher temperatures than 500 degrees are dangerous, and 
with proper arrangements ought never to occur. 

The compression test deserves more consideration than it has 
hitherto received. Many of the alloys of tin and lead now used 
to line bearings have so low a compressibility that they yield 
under the ordinary pressures applied to bearings, with the result 
that the metal squeezes into the oil inlets and stops lubrication. 
This circumstance is no doubt responsible for much of the trouble 
that has been experienced with the use of alloys of this class. It 
is suggested that no alloy should be used until it has been de- 
monstrated satisfactorily that its point of first yield is considerably 
above the greatest load or shock to which it will be subjected in 
use. 

The method of making such a test is very simple. A bush 4 
inches in diameter by 3} inches bore, giving an area of metal of 5 
square inches, is cast on a chill and is placed in a hydraulic press. 
A line is drawn on the side with a pair of compasses set to about 
3 inches radius. The bush is loaded by successive increments of 
$ ton, the load being taken off each time. When it is found that 
the line drawn by the compasses thickens the previous line, the 
metal has yielded. Even after this point, different alloys behave 
very differently, some taking a large increase of load to cause a 
yield of 4 inch, others continue to yield very fast after they first 
start. It is possible to make an alloy of tin that will not yield in 
this way until loaded to 8 tons per square inch. 

The Author’s experiments suggest the following rule: The oil 
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should be introduced into a bearing at the point that has to sup- 
port the least load,and an escape should not be provided for it at 
the part that has to bear the greatest load. 

All the most important bearings belong to one of three 
classes—(A) those having a continuous load in one direction, 
(B) those having an alternating load in opposite directions, and 
(C), those with both a continuous load in one direction and an 
alternating load in opposite directions. 

In class A is included the ordinary mill bearing or plummer 
block used for supporting shafting. The oil is fed into the center 
of the top bearing at the point that has to bear the least load, so 
that in this case the rule is conformed with. This class also in- 
cludes railway carriage bearings. These were originally lubri- 
cated by holes through the crown of the bearing at the point of 
greatest pressure. It was, however, found that the lubricant 
would not enter at that point until the surfaces were more or less 
roughened. These bearings are now invariably lubricated ac- 
cording to the rule given. Footsteps of vertical shafts and thrust 
blocks of marine engines belong to this class, but no experiments 
‘were made upon them. 

In class B are included the bearings of vertical engines. The 
bearings of a marine engine resemble the ordinary plummer block, 
and in the shaft tunnel their duty is the same; but those near the 
connecting rod have an entirely different duty to perform, which 
is the same as the connecting rod bearing. The oil is generally 
applied at the center of the top bearing in defiance of the rule. 
If the oil hole is left plain, it is found that no oil will enter during 
that part of the stroke when there is pressure on the top half of 
the bearing. To meet this difficulty oil channels are cut. It must 
be evident that as the pressure of oil between the surfaces gradually 
increases from the point of least pressure to a pressure equal to the 
load at the point of greatest pressure, channels that run circumfer- 
entially around the shaft must be bad unless they are confined to 
the part of least pressure. Their effect is to scrape off the oil at the 
point of greatest pressure, and deliver it unused at a point of less 
pressure. The result in the ordinary marine bearing is that the 
oil delivered into the bearing runs down the channels as far as 
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possible, and is not used on what might be called its first journey 
through the bearing. It is then taken up by the shaft and is car- 
ried to the second half of the bearing. The proper point to in- 
troduce the oil is just above the joint of the bearing at the side. 
There the oil is distributed over the shaft and carried to the point 
of greatest pressure. As there are no channels from this point 
the oil cannot escape, and will support almost any load. There 
is no reason why one bearing only should be lubricated in all 
large bearings; it is desirable that each half should have its own 


supply of oil (Fig. 3). 
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In class C are included the bearings of horizontal engines, es- 
pecially the main bearing next the connecting rod. This is the 
most troublesome kind of bearing, as it has double duty to per- 
form. To facilitate the taking up of the wear, the device shown 
in Figs. 4 has been used. The bearing is in four parts, three of 
which can be drawn towards the center. The oil is introduced at 
the top at a point of least pressure, but before it arrives at the first 
point of greatest pressure it has to jump a joint. At some parts 
of the stroke it cannot do this, as the load is too great, but at 
others it can, and it is then carried into bearing No. 2. Before it 
can reach No. 3 it has another jump greater than the last, because 
when the oil escapes here it cannot return. No. 3 receives very 
little oil, but No.4 gets even less, as the pressure is never off No. 
3, and there is still another joint to jump. The only way of 
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meeting the difficulty is to have two complete bearings. One of 
these would be jointed at the top and bottom, and would take the 
thrust of the piston, the other would be jointed in the opposite 


Figs. 4 
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direction, and would take the weight of the shaft and fly wheel. 
Such a bearing is shown in Figs. 5. It is very important that the 
oil should be fed at a point exactly central in the length of the 
bearing. If it is fed a little to one side, the oil separates the 
surfaces and tilts the bearing, the consequence. being that the oil 
is forced out at one end too fast, and at the other end the bearing 
is probably running dry. 

The sides of a bearing should be carefully eased off, and should 
slope toward the center to bring the oil that escapes from the other 
half towards the center. Channels in the bearing or shaft surface 
can do no good except as receptacles for the debris when the 
bearing seizes. Such an advantage is very doubtful, but if they 
are used for this purpose they should be in line with the shaft, 
and not pass round it. They must not extend more than 
three-quarters the length of the bearing. 

When it is fully recognized that a bearing will sustain a load 
exceeding one ton per square inch, and that most costly and 
serious troubles are experienced with bearings that are loaded 
only to a twentieth of that load, it must be admitted that this 
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subject requires investigation. The Author hopes that this paper 
may in some small degree have the effect of suggesting new 
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channels of thought and experiment that may add to knowledge 
on a subject of such great importance. 


APPENDIX. 
TABLE I.—RESULTS OF EXPERIMENT LVI. 


Total | | Total load | 


Total load| | Total 

Time. on top nag tangential || Time. | ontop tangen- 

bearing. | pull. | bearing. | tial pull. 

Minutes. Pounds. ° Fah. Pounds. || Minutes.| Pounds. | Fah. | Pounds. 
98 80 32,906 230 | 470.0 
10 ~—- §,376 113 80.0 || 90 | 37,632 242 400.0 
20 | 7,706 116 115.0 || 100 | 42,470 | 245 | 350.0 
jo 40| 12,723 128 155.0 || 115 | 42,470 242 | 400.0 
40 16,934 134 | 157.5 125 | 42,470 262 400.0 
50 | «19,264 154 | 215.0 || 135 | 42,470 | 264 | 400.0 
60 23,834 | 220 | 400.0 | 145 | 42,470 | 258 350.0 
7o | 27,552 182 | 350.0 } 150 | 47,846 | 280 | 470.0 
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Area of bearing surface of top bearing = 2} inches by 8 in- 
ches = 20 square inches; bearings lubricated with sperm oil. 
Diameter of shaft, 4 inches; speed, 266 revolutions per minute. 

After having run for 150 minutes, bearing was taken out; its 
bearing area was highly polished at the ends, and seemed to have 


seized at the middle. 
EXPERIMENT LVIII. 


The same bearings were used as in Experiment LVI, and they 
were lubricated with sperm oil and pads. The total load on the 
bearing was 15,132 lbs. = 756.6 lbs. per square inch. A vacuum 
gauge connected to the center of the bearing showed a vacuum 
of 28.4 inches of mercury, the barometer standing at 30.2 inches. 


TABLE II. 
Temperature. Tangen. | Temperature. | Tangen- 
Il. 
L. H.|R.H. H.| R. 
°F. | Tons. Lés. oF Tons.| Lbs 


7.30 | 127 127 | 18.96| 115.5 12.0 | 139 | 18.96) 95.0 
8.0 


-96 
8.30 138 | 134 | 18.96] 115.0 1.0 146 | 140/| 18.96! 95.0 
9.10 96 96 | 46 | 60.0 2.10 98 98 | 4.6 95.0 
9.30 128 | 125 |1896| 1100 | 2.30 | 130] 130 15.96 | 105.0 
10.0 135 | 131 | 18.96] 102.5 3-0 134 | 134 | 18.96 


10.30 138 | 133 | 18.96] 100.0 3-30 | 137 137 | 18.96 95.0 
11.0 140 | 137 | 18.96| 100.0 40 | 138] 138 | 18.96 95.0 
11.30 143 | 138 | 18.96 95-0 4.30  140| 140 | 18.96 92.5 


Area of bearing surface of top bearing =18 square inches; 
bearings lubricated by pads hung on either side of the shaft and 
feeding neatsfoot oil by capillary attraction. Diameter of shaft, 
4 inches; speed, 266 revolutions per minute. 
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THE BEARINGS OF THE MARINE ENGINE. 


By Dewrance, MEMBER. 


[Read before the Institute of Marine Engineers. ] 


The first object of this paper is to lay before the members an 
explanation of the way that oil enables a bearing to support its 
load, and afterwards to deal with the modifications in the design 
of the bearings of the marine engine that follow from a right un- 
derstanding of the principle of lubrication. 

To simplify the explanation, the author has constructed a hand 
machine. The wheel, 24 inches diameter, represents a shaft, and 
the bearing may be said to have been flattened out into a plate. 
If the plate is laid upon the wheel and the micrometer adjusted, 
the hand will be observed to stand at a given mark. If oil is now 
put into the trough, so that it touches the wheel, it will be ob- 
served that the hand of the micrometer has moved, showing that 
the plate has risen. This means that between the surface of the 
wheel and the bearing there is a layer of oil on which the bearing 
is floating. If now we load the bearing, we must either squeeze 
out this layer of oil or the oil must be subject to a pressure suffi- 
cient to support the extraload. By means of a hole through the 
bearing and a pressure gauge, this point can very readily be 
proved. As will be seen, as the hole is brought to the point of 
contact between the bearing and the shaft the pressure on the 
gauge rises to a point that corresponds to the load put upon the 
bearing. As explained in a paper by the author, printed in the 
Proceedings of the Institution of Civil Engineers, the oil adheres 
to the surface of the wheel or shaft, and the force of this adhesion 
is multiplied by the incline formed by the bearing to the shaft. 
If the hole is put beyond the center of the shaft, the air in the 
hole adheres to the shaft and is carried round, leaving a vacuum, 
as shown by the gauge. Under favorable circumstances this 
vacuum has amounted to 30 inches, being within } inch of the 
barometer at the time. The conclusion to be drawn from this 
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experiment is that bearing surfaces that are properly lubricated 
are separated by a film of oil at a pressure per square inch equal 
to the load that is upon them. 

The realization of this fact suggests the following rule, which 
can be easily committed to memory, and is applicable to nearly 
all classes of bearing. Introduce the oil at the points of least 
pressure, and do not provide a means of escape for it at the points 
of greatest pressure. It is very easy to find out these points of an 
ordinary bearing that are least subject to pressure, and the oil can 
generally be brought there with a little scheming. The means of 
escape most generally met with are oil holes and channels that 
frequently occur just at the crown of the bearing where the 
pressure is greatest. 

When the pressure on such a bearing is intermittent, the oil 
goes in when the pressure is taken off and escapes out again when 
the pressure comes on, the effect being that the bearing is only 
able to support a proportion of the load that it could support if 
lubricated according to the rule. It is quite impossible to lubri- 
cate’such a bearing at all, if subjected to a continuous load. Not 
a drop of oil will run down the hole at the crown of the bearing, 
and if oil is put on the shaft elsewhere it runs out at the hole at 
the crown. 
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The diagrams represent the principal bearings of the marine 
engine to which this rule has been applied. Fig.1 is the big end 


of the connecting rod of a vertical inverted marine engine. In 
this case the two sides are the points of least pressure, and, as will 
be seen, the oil is led to chambers at the sides. From these 
chambers suitable inclined planes are provided, and the oil will 
arrive at the surfaces which have to bear the load at a pressure 
per square inch equal to the load. It will be noticed that in each 
case the means of lubrication are in duplicate. This, in the case 
of large bearings, is strongly recommended, as otherwise one-half 
of the bearing is only lubricated by the oil that has passed through 
the other half, and in very large bearings this is not always found 
to be sufficient, especially when the bearings are new. The double 
supply of oil is also a great safeguard against failure. 

Fig. 2 represents the crankshaft bearings. The duty of these 
bearings is almost identical with that of the big end of the con- 
necting rod. As will be seen, the lubrication is also the same. 
It seems to be very generally the custom to make these bearings 
hexagonal or square on the outside. Such a bearing is very 
difficult to get out to examine or scrape up. The bearing shown 
is circular, and is prevented from turning with the shaft by a 
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square part on the top half. Such a bearing can be taken out very 
readily. 

The several views in Fig. 3 represent the little end of the con- 
necting rod. Here again the oil requires to be delivered to the 
sides the same as to the big end. The diagram shows the oil 


conducted through the pin. At the end there is a swivel joint. 
One of the pipes shown brings the oil for the little end and de- 
livers it through the pin; the other pipe brings the oil for the 
big end and delivers it on the other side into a chamber from 
which it is conducted by two pipes to both sides of the big end. 

Figs. 4 and 5 show the thrust block. It is strongly recom- 
mended that the cooling water should be kept away from the oil, 
as the mixture of water and oil is an inferior lubricant to pure 
oil. As will be seen, chambers are formed in the casting through 
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which water can be circulated. There is a difficulty about this 
form of bearing, in that there is no point of least pressure at 
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which to introduce the oil, so it is necessary to make one. To 
accomplish this the edges are sloped off, as shown on diagram 
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draw the oil in between the surfaces up to any pressure. 
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If once we accept the principle set out in this paper, it follows 
of necessity that a hot bearing is due to a failure of lubrication. 
. If the oil is supplied, as shown by the diagrams, this may be due 
to the fact that the shaft is not round, is not running true, or else, 
that it is not smooth enough. Shafts should be finished by clamps 
lined with emery cloth till they are well polished. Another cause 
may be that the bearings are not properly fitted. It is no light 
task to surface up a bearing so that the shaft beds thoroughly. 

Having dealt with the subject of the means of lubrication, the 
next point is the oil. In these days of competition and lowest 
tender, very inferior oils are sometimes used in very superior 
ships. Adulteration of oils is so general that the names by which 
they used to be known have no longer any real meaning. When- 
ever it is possible, it is the safest way to have the samples of oil 
examined and reported upon by a chemist, who also has the 
means of testing the lubricating properties. 

Another very important point is the material of which the bearing 
is composed. Marine engineers seem to be very generally agreed 
that the bearing should be lined with one of the alloys known 
as the white metals. These may be divided into three classes. 
The first contains anything up to 80 per cent. of tin, the second 
anything up to 80 per cent. of zinc, and the third anything up to 
80 per cent. of lead. If we could make sure of always using per- 
fectly neutral oil there would be very little to choose between 
these three classes, but in order to obtain a neutral oil, such as 
is prepared for clockmakers, the oil is agitated with zinc and lead 
shavings, a portion of each is converted into zinc or lead soap, 
which is afterwards separated from the oil. The principal im- 
purity of lubricating oils is oleic acid, which rapidly corrodes lead 
and zinc. The effect then of using an alloy that contains a large 
proportion of lead or zinc is that the impurities of the oil combine 
with the surface of the bearing. Of course this may be avoided 
by using a very pure oil, but those that are responsible for the 
lining of the bearing are not always responsible for the quality 
of the oil used, and even if they are at the time, they cannot make 
sure that they will always have it under their control. Tin is not 
affected by oleic acid or any of the impurities of oil, so the safest 
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way is to use an alloy composed principally of tin, and only con- 
taining enough of the most suitable metals to harden it to the 
utmost. Many of the aHoys at present used are too soft and yield 
with a load of even as little as a quarter of a ton to the inch. 
Such a metal is liable to squeeze out in use. An all-round lin- 
ing metal ought to stand at least 5 tons to the square inch with- 
out any yield. The best alloys will stand 8 tons. 

It is a very general custom among marine engineers to ham- 
mer the alloy after the bearing is lined. If the alloy is as hard 
as is desirable it cannot be very ductile, and this hammering 
cracks it in all directions; if, on the other hand, the alloy is duc- 
tile enough to stand hammering, it is conclusive proof that it has 
too low a compression test to be suitable for lining marine bear- 
ings. The author feels considerable diffidence in appearing to 
lay down the law to those who have had so much more expe- 
rience of marine bearings. It is, however, right to say that the 
points dealt with are no untried ideas, but are the result of many 
years of study of the subject and a very long series of experi- 
ments. It would take too long to even outline these experiments, 
but they entirely confirm the facts laid before you in this paper. 
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RUN OF THE U. S. S. CASTINE. 


This steel twin screw gunboat of 1,210 tons displacement (at a 
mean draught of 12.25 feet) and 1,600 I.H.P. arrived at Norfolk, 
Va., on November 7, 1896, from the South Atlantic Station. 
This gunboat was described on page 846 of volume V and page 
176 of Volume VI of the JourNAL. 

The homeward run was divided into three parts: from Monte- 
video, Uruguay, to Bahia, Brazil; thence to the Island of St. 
Lucia; and thence to Norfolk. The distances as run and the 
times were 1,782.3 nautical miles in 7 days 19 hours, 2,438.5 
miles in 10 days 12 hours, and 1,396 miles in 5 days 18 hours, 
respectively. 

For data of this run the JouRNAL is indebted to the kindness 
of Chief Engineer W. F. Worthington, U.S. N. 

The ship’s bottom, when leaving Montevideo on October Io, 
was perfectly clean. Two boilers were in use, except for about 
six hours, during which a leaky tube in one boiler was plugged. 
No deductions are made for this, nor for the times that only one 
engine was in use, one hour while adjusting a main bearing, and 
two hours while adjusting an eccentric strap. Both engines were 
stopped one and one-half hours while a leaky condenser tube 
was plugged. 

The evaporator and dynamo were in operation every night in 
addition to all other auxiliaries, except the fire room blowers. 

The coal for the first two parts of the run was Ocean Merthyr, 
of good quality for the first, and fair for the second part. For the 
last part, Pocahontas coal of fair quality was used. The quantity 
of coal burned during each hour of the entire run was constant, 
1,340 pounds. The average mean draught for each part of the 
run was 12 feet,the corresponding displacement being 1,177 tons, 
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First part, Montevideo to Bahia, 1,782.3 miles. Total steaming 
time, 7.792 days; average speed, 9.53 knots; average number of 
revolutions per minute, 128.9. Miles run per ton of coal, 16; 
pounds of coal per mile, 140. I.H.P., main engines, 420; 
auxiliaries, 40. Time under sail, 16 per cent. 

Second part, Bahia to St. Lucia, 2,438.5 miles. Total steaming 
time, 10.5 days; average speed, 9.67 knots; average number of 
revolutions per minute, 128.2. Miles run per ton of coal, 16.2; 
pounds of coal per mile, 138. I.H.P.,asabove. Time under sail, 
45 per cent. 

Third part, St. Lucia to Norfolk, 1,396 miles. Total steam- 
ing time, to noon of the day before arrival, 5.75 days; average 
speed, 10.1 knots; average number of revolutions per minute, 
134.4. Miles run per ton of coal, 16.9; pounds of coal per mile, 
132. I.H.P., main engines, 456; auxiliaries, 40. Time under 
sail, 76 per cent. 

Comparison may be made between the run of the Castine and 
that of the Bancroft and the Petre/, the latter described on page 
581 of Vol. VIII. It should be added that the Petre/ was under 
sail 75 per cent. of the time between Yokohama and Honolulu, 
and 17 per cent. from Honolulu to San Francisco. 


THE TRANS-ATLANTIC RUN OF THE U. S. S. BANCROFT. 


For the following information of the run of the Naval Academy 
Practice Vessel Bancroft, the JouRNAL is indebted to the kindness 
of P. A. Engineer E. T. Warburton, U. S. N. This vessel was 
fully described on page 365, Volume V. 

The Bancroft was docked and refitted in September, at the Navy 
Yard, New York, in ten days, for a cruise on the European station. 

The three masts were replaced by two, and the barkentine rig 
changed to schooner rig. Changes were made in the storeroom 
to provide additional bunker space,and much other work was 
done in the short time, by working day and night. 

The Bancroft \eft Tompkinsville, Staten Island, N. Y., Sep- 
tember 15, 1896, using both boilers, and arrived at Fayal, Azores, 
September 25. The dynamo was run about 12 hours, and about 
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300 gallons of water distilled every day. The vessel started with 
about 160 tons of bituminous coal on board. Distance steamed, 
2,133 nautical miles; time, 10 days 1 hour, or 10.04 days; aver- 
age speed, 8.85 knots; average revolutions per minute, 124. 
Coal used for all purposes, 102.69, coal per day, 10.22 tons; 
miles per ton of coal, 20.77. There remained in the bunkers 57.5 
tons. 

Left Fayal September 28, and arrived at Gibraltar, October 4. 
Strong head winds were encountered for the greater part of the 
distance. Distance steamed, 1,136 nautical miles; time, 6 days 
3.75 hours, or 6.16 days; average speed, 7.69 knots; average 
revolutions per minute, 129.2. Coal used for all purposes, 59.33 
tons; coal per day, 9.63 tons; miles per ton of coal, 19.14. 

Left Gibraltar, October 6, and arrived at Smyrna, Asia Minor, 
October 15. Distance steamed, 1,631 nautical miles. 

The coal obtained at Gibraltar was of such very inferior quality 
. that the daily consumption was necessarily increased. 

The trip from Tompkinsville to Smyrna (4,900 nautical miles), 
in 29.5 days, including stoppages of 24 days at Fayal, and 2 days 
at Gibraltar, at an average speed of 8.25 knots, and an average 
daily coal consumption of 10.3 tons, is not a bad showing for this 
little vessel. She was not intended for such long cruises, and in 
previous service had only made two or three-day passages along 
the coast. 


TESTS FOR STEEL BOILER TUBES. 


The following specifications for steel boiler tubes, as used by 
Messrs. John I. Thornycroft & Co., Chiswick, for much of their 
work, were kindly furnished to the JournaL by Mr. John Platt, 
New York, the Agent in the United States for the Messrs. 
Thornycroft. Their reasons for using steel is that a product of 
the quality necessary to fulfill the specifications has been made 
specially for this work, and that no one in England has made any 
cold drawn charcoal iron tubes. For their continental work, 
they have used cold drawn charcoal iron tubes very extensively, 
as certain countries specify that these shall be used. The Messrs. 
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Thornycroft always insist that the tests, according to the speci- 
fications, must be rigidly enforced, as they have found that, in 
order to minimize local corrosion and insure a long life to the 
tubes, it is necessary to keep fully up to this standard in all cases. 
The tests required by the British Admiralty were given on page 
814 of Volume VIII. 

Tests for Boiler Tubes.—The boiler tubes are to be solid drawn, 
finished cold, so as to remove all traces of the hot process, and 
leave perfectly smooth surfaces inside and outside. 

The tubes are to be perfectly straight, smooth, cylindrical, 
of uniform sectional thickness, and of equal diameter through- 
out, excepting as specified below; they are to be free from any 
scale, longitudinal seaming, grooving or blistering, either inter- 
nally or externally, and they are not to be oiled, varnished or 
painted. 

The ends of the tubes are to be pressed or squeezed up for 
screwing in a die or press (not by hammering or upsetting.) 
Any case discovered of a strip being welded on will render the 
whole liable to rejection. The tubes are to be made from acid 
or basic open hearth steel, which material is to stand the following 
tests: 


Ultimate tensile strength. ‘Elongation in 
length of 2 
Not morethan, Not lessthan,| inches, per 


tons * 


cent. 


(a) Annealed pieces cut from the forging 
from which the tubes are to be 


(b) Annealed pieces cut from the tubes.... 26 
*Tons of 2,240 pounds. 


Test (a) is to be carried out at the works of the tube maker, 
and (b) at the works of the makers of the boilers. 

Strips cut from the tubes, flattened, heated to a blood heat, and 
plunged into water 82 degrees Fahrenheit temperature, should 
be capable of being doubled over a radius of $ inch without 
fracture. This test is to be carried out at the works of the 
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makers of the boilers. Pieces two inches long, cut from the 
tubes under ;°; inch thick are to be capable, when cold, of 
being hammered down lengthwise until their length is reduced 
to one inch. The tubes themselves are to be capable of being 
flattened by hammering at any part until the sides are close to- 
gether, for tubes under ;% inch thick, and for tubes ;*; inch 
thick and over the sides are to be brought to a distance apart 
of twice the thickness of the material of tubes; in each case 
without fracture. The ends of the tubes under ;%, inch thick 
are to admit of being expanded cold by a three-roller expander, 
worked in a series of three tube holes, and hot by a solid drift, 
to the following increases of diameter : 

With roller expander fitted with three rollers (cold), 12.5 per 
cent.; with solid drift (hot), 20 per cent. 

Tubes ;’; inch in thickness and over are to admit of being 
expanded hot and cold to half the increase in diameter required 
for the tubes under ;°; inch. 

The above tests are to be carried out at the works of the 
makers of the boilers, and are to be applied to two per cent. of 
the tubes, to be selected by the examining officers, after electric 
galvanizing; and these tubes are to be completely destroyed for 
the purpose of this test. The tubes for this purpose are to be 
arranged in parcels of one hundred, and all rejected tubes are to 
be marked by the examining officers, so that they may be capable 
of identification. The failure of the tubes selected will reject the 
parcel of one hundred from which they were taken. 

Each tube must stand a test by water pressure internally of 
1,500 pounds per square inch, after bending and annealing, but 
‘before electro-galvanizing, without the slightest indication of 
weeping. This test to be carried out at the boiler makers’ 
works. 

The failure of a large proportion of the tubes selected to stand 
any of the above tests in a satisfactory manner will render the 
whole of any delivery liable to rejection. 

All tubes are to be thoroughly pickled. to remove scale, and 
unless otherwise ordered are to be galvanized externally by elec- 
tro-deposition. Each tube is to be removed from the electro- 
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depositing bath after being immersed and subjected to the electro- 
depositing action for about fifteen to twenty minutes. It is then 
to be carefully examined, and if any defects are exhibited the tube 
is to be rejected. The satisfactory tubes are to be replaced in the 
bath and coated with zinc to an extent of 1} ounces per square 
foot of galvanized surface. 

The limit of variation of weight of each tube which will be 
allowed is 2} per cent. above the weight calculated from the ap- 
proved dimensions, allowing 480 pounds per cubic foot of metal. 
All tubes exceeding this limit or less than the specified thickness 
will be liable to rejection. All tubes which are less than the ex- 
ternal diameter specified, or more than 1 per cent. larger than the 
diameter approved will be rejected. 


FRANCE,.—SHIPBUILDING PROGRAM, 1897. 


The following vessels, the construction of which has been 
approved by the Budget Commission, are to be laid down during 


1897. 

One triple screw battleship of about 8,860 tons displacement, 
to be built at Brest. Speed, 17 knots. 

One first class, triple screw, sheathed cruiser of about 11,050 
tons displacement, to be built at Toulon. Speed, 23 knots. 

Two first class, triple screw, sheathed, station cruisers of about 
5,410 tons, one to be built at Lorient and the other by contract. 
Speed, 23 knots. 

One third class station cruiser of about 2,410 tons displace- 
ment, to be built by contract. Speed, 20.5 knots. 

One sheathed gunboat of about 620 tons displacement, to be 
built by contract. Speed, 13 knots. 

One torpedo boat destroyer of a new type. Speed, 26 knots. 

Two first class torpedo boats of the Normand type and of about 
84 tons displacement. Speed, 23.5 knots. 

All guns under 7.64 inches caliber will be of the rapid fire 
type. 

Particulars of the above new vessels, compiled from the 
“Yacht,” Paris, and other sources are given under “ Ships.” 
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GERMANY.—SHIPBUILDING PROGRAM FOR 1897. 


According to “ The Times,” London, the following vessels are 
to be laid down. 

One battleship to replace the Kénig Wilhelm. This is to be of 
the same type as the Kaiser Friedrich IIT, described on page 827 
of Vol. VII, and in the table facing page 556 of Vol. VIII. 

Two second class cruisers; a despatch vessel to replace the 
Falke; two gunboats to replace the Hydne and //ts, the latter 
having been lost off the Shantung Peninsula, China, on July 23, 
1896; one torpedo vessel and eight torpedo boats. 


HOLLAND.—SHIPBUILDING PROGRAM. 


[From ‘ Engineering,” London, and ‘*Mittheilungen aus dem ‘Gebiete des 
Seewesens,” Pola.] 


According to the published program for the reorganization 
of the Navy, extending over a period of thirteen years, twelve 
protected cruisers will be built of the same type and speed, 23 
knots, as the Holland, Friesland and Zeeland now building, (see 
JouRNAL, page 829, Volume VII, and pages 406 and 792, Volume 
VIII), except that the armor shields for the 5.9-inch and 4.7-inch 
guns will be 5.9 inches, and those for the 2.95-inch guns, 2.95 
inches thick. The bow torpedo tubes will be under water, and 
bilge keels will be fitted. Other improvements will bring the cost 
of the new vessels up to $1,205,100 each. 

Six armored vessels are also proposed of the same type as the 
Piet Hein, described on page 194 of Volume VIII. Some modi- 
fications will be made in the armament. Instead of three 8.27- 
inch guns of 32 calibers, there will be two 9.45-inch guns of 40 
calibers, each in a barbette tower; the two 5.9-inch rapid fire guns 
will be replaced by four 4.7-inch rapid fire guns, protected by 
closed shields, 1.97 inches thick. Besides these, there will be 
several. 2.95-inch rapid fire guns protected by shields. The dis- 
placement will be 3,874 tons on a mean draught of 17.5 feet. 
The engines, of 5,227 I.H.P., are to give the vessel a speed of 
at least 16 knots. 
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For coast defense, three monitors, type A (larger type, about 
the same type as the Reinier Claessen), and three monitors, type 
B (smaller type) are proposed, together with fifteen gunboats, 
fifteen torpedo boats, type A (30 knots), six torpedo boats, type B 
(23 knots), and ten torpedo boats, type C (18 to 20 knots.) For 
protection of the fishermen three schooners are proposed. 

The monitors, type A, will have a displacement of 1,476 tons 
on a draught of 10.17 feet; a protective deck 1.97 inches thick; 
two 8.27-inch, 40 caliber, guns in two barbette towers, protected 
by 7.87-inch steel armor, the guns having 5.9-inch shields; four 
2.95-inch rapid fire guns, protected by .g8-inch shields, and four 
1.46-inch rapid fire guns. The engines are to develop 690 
I.H.P., and to give the vessel a speed of at least 9.5 knots. The 
bunker capacity will be about 60 tons. 

The monitors, type B, will have a displacement of 1,384 tons 
on a draught of 9.51 feet; a protective deck, 1.97 inches thick ; one 
8.27-inch, 40 caliber, gun in a barbette forward, protected by 7.87 
inches of armor, the gun having a 5.9-inch shield; one 4.7-inch, 
40 caliber, rapid fire gun, aft, with a closed shield 1.97 inches 
thick; four 2.95-inch and four 1.46-inch rapid fire guns, the 
former protected by .g8-inch shields. The I.H.P. will be 670; 
the speed, 9.5 knots, to be maintained for four hours ; and bunker 
capacity, about 60 tons. 

The gunboats will have a displacement of 467.5 tons on a 
draught which is not to exceed 8 feet 4 inches; a protective deck 
.98 inch thick; four 2.95-inch and four 1.46-inch rapid fire guns, 
the former protected by .g8-inch shields. The I.H.P. will be 
about 550; the speed, 11.75 knots, to be maintained for four 
hours; and bunker capacity, 23 tons. 

The torpedo boats, type A, will be of the same general design 
as the French Forban. They will have 128 tons displacement ; 
two 1.46-inch rapid fire guns; two torpedo tubes; a speed of 30 
knots ; and a bunker capacity of 15 tons. Torpedo boats, types 
B and C, will be the same as the Dutch boats A and Nos. YX/7 

and XX//, respectively. 

The estimate for the building of these new vessels is 55,445,- 
000 guilders, or $22,843,340, which is to be spread over thirteen 


A 
i 
> 
x 
4 
q 


NOTES. 133. 


years, the sum of $2,060,000 being expended for each of the 
first eleven years, and the balance in the last two years. 


Estimated cost of each cruiser, . . . . . . . $1,205,100 
armored vessel, . . . . . 1,499,680 

Monitor, Type A,. 626,620 

Monitor, Type B, . . . . 527,740 

gunboat, . . . 144,200 

torpedo boat, ‘tyes A, 

torpedo boat, Type B, . . 70,040 

torpedo boat, 24,720 

‘schooner, . . 195,700 


JAPAN.—SHIPBUILDING PROGRAM. 


The ships to be laid down during the current year are as 
follows. 

Four battleships. Of these, one will be built in Japan and the 
other three in England. The latter are to have Belleville boilers 
and will follow generally the design of the Magnificent. 

Four first class cruisers, two of which will be built in Japan. 
The other two are already in hand in private yards of the United 
States, and are described under “Ships” in this number. 

Three second and two third class cruisers, of which only one 
second class cruiser will be built abroad. 

Three torpedo gunboats, one torpedo tender and eleven torpedo 
boat destroyers. Of these,two gunboats and seven destroyers 
will be built in Japan. 

Twenty-three first class torpedo boats, of which four will be 
built abroad. 


THE FIRST U. S. NAVAL STEAM LAUNCH. 


In a new book, entitled “ Reminiscences of an Octogenarian of 
the City of New York (1816—1860),” by Chas. H. Haswell, Esq., 
an Honorary Member of this Society, the following interesting 
accounts are found. The Journat is indebted to the author for 
the cut and the subject matter. 
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“The first operating locomotive introduced into this country 
was one which had been procured in England by Horatio Allen, 
and it was put in operation at the West Point Foundry Shop in 
Beach Street, in April, 1829. Its power was estimated at nine 
horses; pressure of steam, 60 pounds per square inch; and its 
capacity, 5 miles per hour with a train of from 60 to 80 tons.” 

“June 4, 1829, the magazine of the steam frigate Fu/ton (the 
Flogobombos of Dr. Samuel L. Mitchell), in service at the Navy 
Yard, Brooklyn, as receiving-ship, exploded and killed one lieuten- 
ant and twenty-three marines, wounding seventy-two of the crew, 
with six missing. I was at the time on board ofthe steamboat C7z#- 
zen, then in process of construction at the head of Water Street, 
witnessed the explosion, and visited the wreck immediately after- 
ward. The Cit#zen was the second steamboat Captain Vanderbilt 
owned (the Be//ona, built in 1816, a gift from William Gibbons, 
being the first), and the first that he built. The first he commanded 
was the Stoughienger (in derision she was called ‘ The Mouse out of 
the Moutain’), 75 feet in length, propelled by what were termed 
paddles, but they were strictly pa/mipedes, in order to evade the 
Fulton claim for side wheels. This attempt was a signal failure. 
The Bellona was fitted with like propulsion, but it being con- 
demned as useless, she was fitted with side wheels, and from this 
arose the litigation between William Gibbons and Gouverneur 
Ogden, in which Daniel Webster was engaged, as to the exclusive 
right of Fulton and his associate Livingston to steam navigation 
on the waters of the Hudson, a claim which the U. S. Supreme 
Court declared to be invalid.” 

“The first steam launch was designed in 1836 by and construc- 
ted in 1837 under the direction of the writer in this year, at the 
New York Navy Yard, and named the Sweetheart. On her trial 
trip and several succeeding, she was hailed and saluted by the 
bells of passing steamboats and by cheers from people who rushed 
to the ends of the piers to witness the novel sight. She attained 
a speed at the rate of 5.5 miles per hour. The engine was sub- 
sequently transferred to the first U. S. Naval School, then in 
Philadelphia.” 
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THe First STEAM LAUNCH DESIGNED AND CONSTRUCTED AT U. S. Navy YARD, 
New YorK. 


Length 35 feet; beam, 4.25 feet; and depth, 3 feet. Engine, 4x12 inches. Wheels, 
3-5 feet. Boiler, horizontal fire tubular. Scale, 120th part. 


“April 25, 1845, the steamboat Empire, of the New York and 
Albany Line, on her passage to this city in a dense fog, ran into 
the pier, solid ballasted crib work, at the foot of Nineteenth 
Street, for the full length of 20 feet. A report of the occurrence 
was held to be so wholly at variance with the generally enter- 
tained opinion as to the practicability of such a result that many 
persons proceeded to the pier and measured the distance. The 
effect of such an impact upon like work is to this day a marvel.” 


TORPEDO BOAT 7URBINIA. 


This boat was built at Wallsend-on-Tyne by the Marine Steam 
Turbine Co., Newcastle, for the purpose of testing the application 
to marine propulsion of Mr. C. A. Parsons’ steam turbine. The 
boat is.of steel, and is 100 feet long over all, has a beam of g feet, 
and displaces about 42 tons when fully loaded. There is one 
water tube boiler with a grate surface of 42, and a heating 
surface of 1,100 square feet. The working pressure in the boiler 
is 225 lbs. per square inch, which is reduced to 150 pounds at 
the turbines. The closed fire room system of forced draft is used. 
The weight of the motor is given as 4.5 tons. On December 15, 
1896, the boat made several runs over the measured mile outside 
the Tyne, a speed of 29.6 knots being attained with about 2,400 
revolutions per minute of the motor. 


EVAPORATIVE TEST OF AN ALMY WATER TUBE BOILER. 


The following abstract is from the report of the tests made by 
Mr. Geo. H. Barrus for the Almy Water Tube Boiler Co., 
Providence, R. I., from October 30 to November 2, 1896. 

9 
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The boiler, which has been in use about fifteen months in the 
shop, is of Class D size. The dimensions of the outside casing 
are: length, 51%, breadth, 51g, and height to top of casing, 
78 inches. The grate is 40.1 inches long and 409 inches wide, 
and the surface, 11.38 square feet. The grate bars are ;% of an 
inch wide and separated by 4 inch air spaces. The number of 
1-inch pipes (two pipes to a section) which make up the length 
of the boiler, is twenty-six, and the total exterior heating surface, 
without allowance for portions more or less covered and unex- 
posed to direct heat, is approximately 474 square feet. Thearea 
of opening for draft between the tubes is 4.6 square feet. On 
November 2, previous to the test, it was reduced by fire brick to 
one-half this area, or one-fifth of the grate surface. The drum 
is 12$ inches in diameter and 48 inches long. The estimated 
weight of iron in the boiler, not including the covering, is 3,097 
pounds, and of the contained water at ordinary level, 650 
pounds. The stack is I9 inches in diameter, its height above 
the grate, 35.5 feet, and is fitted with a damper. The covering 
consists of wrought iron plates lined with layers of asbestos 
and fire brick. The feed water is heated by a coil of pipe, 
termed the “heater,” in the upper part of the boiler chamber 
next to the stack. All steam not required for the shop work 
was allowed to escape through the safety valve to the atmos- 
phere. During the tests there was a continual discharge of steam 
at this point. 

The tests were made with damper wide open and with. the 
maximum draft available. Those made November 2 contained 
two short runs with a steam jet in the stack. After completing 
the natural draft trial on that day, the fire was rekindled and then 
the two short runs were made. 

The tests, excepting the two short ones, conformed to the 
standard method of the American Society of Mechanical Engi- 
neers; that is, the boiler was first heated to normal working 
condition, this operation consuming about one and one-half hours. 
The fire was then drawn and the new fire kindled. At the end 
of the run, the fire was burned down and finally hauled. On the 
two runs with forced draft, the tests were commenced and finished 
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under running conditions, the thickness of the fire at beginning 
and end being estimated. These trials are too short for absolute 
reliability as to the coal measurements. They were intended 
mainly to show the capacity of the boiler in horse power under 
the conditions of forced draft. 

The feed water was drawn from two measuring barrels, one 
being placed on scales above the other, where it was weighed, 
the feed pump taking it from the lower barrel. Half-hourly 
observations of steam pressure, temperatures, weights, &c., were 
taken. 

The quality of the steam escaping through the safety valve pipe 
was tested with the writer’s calorimeter, 1895 pattern. The coal 
used on all tests was George’s Creek Cumberland, and was com- 
mercially dry, the total heat per pound of coal being 14,168 
B.T.U. The coal was sampled on each run, and dried for 
determining moisture. 

On a preliminary run on October 30, a greater thickness of 
fire was maintained than on the later tests, and the results of the 
gas analysis showed the presence of a comparatively larger 
amount of carbonic oxide, which sometimes reached 16.9 per 
cent. of the total volume of gas. It is interesting to note this. 
fact because the thickness of the fire was not excessive, seldom 
exceeding more than eight inches. The evaporative result con- 
forms to that anticipated from the gas analysis, being only three- 
quarters of that obtained on the main tests. 

Conclusions.—It appears from these results, that, in point of 
economy, the boiler compares favorably with the best types. An 
evaporation of 11.922 pounds of water per pound of combustible, 
obtained on November 2, is rarely exceeded by any form of hand- 
fired water tube boiler, whatever its size. The dryness of the 
steam was a noticeable feature. Even with forced blast, when 
over 7 pounds of water were evaporated per square foot of surface 
per hour, the moisture was less than 1 per cent. 

Practically all of the heat units available in the coal were ac- 
counted for, either in useful evaporation, or in chimney and other 
wastes. 
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Conditions as to capacity............... 


Date of test—1896. 
Duration of test, hours..................! 


Coal consumed per hour..........1bs... 


Coal consumed per hour, per square | 
Ibs...! 


Per cent. of ashes and clinkers........ 
Water evaporated per 
Equivalent evaporation per hour, 

feed 100 degrees, pressure 70 

bs.. 
Horse power developed on basis 

Equivalent evaporation per square 

foot heating surface per hour, lbs... 

bs.. 


Average boiler pressure.......... Ibs... 
Average temperature of feed water, 
degrees... 
Average temperature of flue-gases, 
Average draft suction.......... inch... 


Per cent. of moisture in steam., 
Water evaporation per pound ‘of 
bs... 


1 
Equivalent evaporation per pound 
of coal from and at 212°......lbs... 


Equivalent evaporation per pound 
comb. from and at 212°........Ibs... 
Efficiency of combustible,,per cent... 


* Only one observation. 


NOTES. 


Normal. | 


Forced draft. 


| I-Heavy. 2-Medium. 


10. 
1,403.6 


1,472.8 
49-1 


850 degrees, the limit of the thermometer used—probably goo degrees. 


Nov. 2. Nov.2 
2.03 2.0 
409.4 271.5 
35-98 23.86 

3,231. 2,207. 
3,389.3 | 2,315.1 
112.98 | 77.2 
7-15 | 4.88 
153.6 | 140.1 

56. | 56. 
| 
| 4 
0.72 0.42 
7:89| 8.13 


The einut temperature on the heavy forced draft test was higher than 


LIQUID FUEL ON RUSSIAN TORPEDO BOATS. 


The tests made with liquid fuel on the torpedo boat Vidorg 
during October, 1896, proved so satisfactory and showed such 
advantages that all torpedo boats having locomotive boilers are 


to be fitted to burn masut as well as coal. 


The torpedo boats 


having water tube boilers will not be so fitted until tests have 
been made on the six boats now building and which are to have 


Du Temple boilers fitted for liquid fuel. 


Part of the present coal 


bunkers will be arranged into compartments which will have a 


capacity of 3.25 tons of masut. 


The trials on the Vidorg showed 


that it was very important to give special attention to the first 
filtration of the masut. 


9.15 6.1 
12.2 13.99 
8.6 
1,300.4, 
43-3 
a 147.1 146.8 
56.7 56.6 
513. 473- 
.12 14 
 &§ 0.35 | 04 
8.89 
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UNITED STATES. 


San Francisco.—On run from Genoa, Italy, to Smyrna, Tur- 
key, trials were made with one and two screws, each lasting forty- 
eight hours. 

The coal used in both trials was Albion Merthyr, Welsh, of 
good quality, and made very little refuse. The vessel was docked 
last in May 1, 1896. 

The trial with one screw was made from Oct. 8 to 10, 1896, 
and with two screws, from Oct. 11 to 13. The wind was very 
light and the sea smooth during both trials. Two boilers were 
used on both trials, the grate surface having been reduced to 
about twd-thirds of the whole by covering the backs of the bars 
with ashes. The grate surface actually in use was 184 square feet, 
and the heating surface, 9,828.8 square feet. 

The excessive boiler power for the I.H.P. developed probably 
accounts for a part of the high values of the coal per I.H.P. per 
hour. From two previous trips, made with one boiler and two 
screws, it had been found that for a speed of about 7.4 knots, the 
number of pounds of coal per nautical mile was only 250, as 
compared with 305 and 310 pounds for the present trials. In the 
opinion of the chief engineer, it would be more economical, when 
running at low speeds, to use one boiler with assisted draft, if 
necessary. 

The following table gives the results of the October trials. 


One screw. Two screws. 


Steam pressure in boilers, pounds per square inch............... 107 107 
Revolutions per minute, starboard screw,.............cssseeeesseeee 65.03 52 
Speed, by observation, 8.29 8.58 
Helm angle, while using one screw, 
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One screw. Two screws. 
Coal per hour, main engines, dynamo, flushing pumps and 
Coal per day, for above purposes, toms ..............:c0cceeeeeeeees 26.91 27.98 
distilling and galley, tons....................0668 1.62 1.62 
Days’ steaming on bunker capacity (630 tons).................... 22.08 ~° 21.28 
Knots per ton of coal used for all purposes...................0000 6.97 6.90 
Coal per 1.H.P. (A) per hour, pounds... 2.91 3-45 


Newport and Vicksburg.—These two composite gunboats, 
described on pages 581 and 804 of Vol. VII, and page 799 of Vol. 
VIII, were successfully launched at the Bath Iron Works, Bath, 
Maine, on Saturday, December 5, 1896. The Newport was Gun- 
boat No. 12 and the Vicksburg, Gunboat No. 11. 

Torpedo Boats Nos. 4 and 5.—These torpedo boats, built by 
the Columbian Iron Works and Dry Dock Co., Baltimore, were 
launched on November 10, 1896, and January 6, respectively. 
The description of the sister boat was given under Zorpedo Boat 
No. 3 on page 799 of Vol. VIII. 

Annapolis.—This composite, single screw gunboat, formerly 
No. 10, described on pages 581 and 804 of Vol. VII, and page 
799 of Vol. VIII, was successfully launched at the Crescent 
Shipyard, Elizabethport, N. J., on Wednesday, December 23, 
1896. 

Manning.—The second of the revenue cutters, fully described 
on page 561 of Volume VII, was successfully launched by the 
builders, The Atlantic Works, East Boston, Mass., on Friday, 
January 22. 

McCulloch.—This revenue cutter, some particulars of which 
were given at the foot of page 565 of Volume VII, was success- 
fully launched by the builders, The Wm. Cramp & Sons’ Ship 
and Engine Building Co., Philadelphia, Pa., on Saturday, De- 
cember 19, 1896. The vessel is intended for use on the Pacific 


Coast. 
ARGENTINE REPUBLIC. 


Corrientes.—The last of the four destroyers, built by Messrs. 
Yarrow & Co., Poplar, completed satisfactory official trials on 
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Nov. 18,1896. A complete description of this class of destroyers 
was given under the Santa Fé on page 609 of Vol. VIII. The 
following particulars of the trial are from “ Engineering,” London. 

The draught aft was 4 feet 11 inches, forward, 3 feet 11 inches, 
mean, 4 feet 5 inches. The contract load of 35 tons was on board. 
The vessel started with 22 tons of coal, and burned during the 
three hours of the trial 10.65 tons. There were 56 persons on 
board. 

The mean speed for the six runs over the mile was 27.359 knots, 
the revolutions per minute being 372. During the three hours, 
the mean steam pressure was 151 pounds per square inch; revolu- 
tions per minute, 372.7; speed, 27.41 knots. 

The engines, boilers and the automatic feed regulator worked 
perfectly. 

The coal consumption for the four destroyers varied from 2 to 
2.25 pounds per I.H.P. per hour. 

Entre Rios and Santa Fe.—On their passage to Buenos Aires, 
experiments were made to find the most economical system for 
long runs at low speed. It was found that a saving in fuel of 
about 10 per cent. was secured by running with one engine alone 
at a speed of from 10 to 11 knots, the other propeller being un- 
coupled. “The Engineer,” London. 

Entre Rios made the run from St. Vincent to Buenos Aires, a 
distance of about 3,700 nautical miles, without a stop. 


AUSTRIA, 


Wien.—This coast defense vessel, described on page 610 of 
Volume VIII, completed her trials in the latter part of 1896. With 
the engines developing 8,384 I.H.P., the speed was 17.6 knots. 
She was launched on July 6, 1895. 


BRAZIL, 


Marshal Deodoro and Marshal Floriano.—These twin screw 
coast defense vessels are building by the Forges et Chantiers de 
la Mediterranée at La Seyne, and were ordered in 1896. They 
will have a displacement of 3,160 tons and a speed of about 14 
knots. The I.H.P. will be about 3,400. 
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Amazonas.—This steel, sheathed cruiser, built by Sir W. G. 
Armstrong & Co.,at their Elswick yard, Newcastle, was success- 
fully launched on Friday, December 4, 1896. She is a sister 
vessel of the Barrozo described on page 806 of Vol. VIII. 

The length of the vessel is 330 feet; beam, 43.75 feet; mean 
draught, 16 feet 10 inches; displacement, 3,450 tons. 

There is a curved steel protective deck extending the whole 
length of the vessel. It is 14 inches thick on the horizontal part 
and 3} inches thick on the sloping parts. 

The armament will consist of six 6-inch and four 4.7-inch rapid: 
fire guns, all 50 calibers long and of the Elswick pattern; ten 6- 
pounder and four 1-pounder Nordenfeldts, four Maxims, two field! 
guns and three torpedo tubes. Of the 6-inch guns, three are 
arranged to fire ahead and three astern. 

The twin screw engines are designed for 7,500 I.H.P. and to 
give the vessel a speed of from 20 to 20.25 knots. 

The bunker capacity is 800 tons, the side bunkers extending 
to 6 feet above the water line. 

Tupy.—The second one of the three torpedo gunboats build- 
ing by the Germania Co., Kiel, Germany, was launched on 
November 15, 1896. She is a sister vessel of the Caramuru, 
described on page 611 of Volume VIII. The data are here 
repeated. 

The length is 259.1 feet; beam, 30.84 feet; draught of water, 
10.17 feet; displacement, 1,014 tons. 

The armament will consist of two 4.13-inch, six 2.24-inch and 
four 1.46-inch rapid fire guns; and three 17.72-inch torpedo tubes, 
one in the bow and two on deck. 

There are two triple expansion engines, which, under forced 
draft, are guaranteed to develop 5,918 I.H.P., and to give the 
vessel a speed of 23 knots. There are five large locomotive 
boilers. 


CHILI. 


Esmeralda.—The following additional data of this stecb 
sheathed cruiser, partially described on page 385 of Vol. VIII, 
are from the “ Naval and Military Record,” London. 
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The twin screw, vertical, four cylinder, triple expansion engines 
have cylinders 40, 60 and (2) 66 inches in diameter, the stroke 
being 39 inches. The I.H.P. under forced draft is expected to 
exceed 18,000, the corresponding speed being 23 knots. The 
normal coal supply, on a draught of 20 feet, will be 550 tons; the 
full supply that can be carried will be 1,000 tons. 

The complement will be 500. 

O’ Higgins.—This steel sheathed cruiser is building by Messrs. 
Armstrong, Mitchell & Co., Newcastle-upon-Tyne. The “ Naval 
and Military Record,” London, gives the following particulars. 

The length will be 412 feet; beam, 62.75 feet; displacement, 
8,500 tons. The sheathing will be of teak. The armament will 
consist of four 8-inch guns, ten 6-inch, four 4.7-inch, ten 12- 
pounder and ten 6-pounder rapid fire guns, four Maxim machine 
guns and three torpedo tubes. 

The twin screw engines are designed to develop 16,500 I.H.P. 
and give the vessel a speed of 18 knots. The boilers will be of 
the Belleville type. 

Ministro Zenteno.—This steel cruiser was partially described 
on page 385 of Vol. VIII. 

The twin screw, triple expansion engines are designed to de- 
velop 7,000 I.H.P., under forced draft, giving the vessel a speed 
of 20 knots. 

Guardia Marina Riquelme and Teniente Serrano.—The 
third and the last of the thirty-knot destroyers built by Messrs. 
Laird Bros., Birkenhead, completed their official trials on De- 
cember 18 and 17, 1896, respectively. For the purpose of 
comparing the four destroyers of this class, the description given 
on page 807 of Volume VIII, is here repeated, and the trial 
results tabulated below. 

The length is 213 feet; beam, 21.5 feet; depth, 12.75 feet; dis- 
placement, about 300 tons. I.H.P.,about 6,000. The armament 
consists of one 12-pounder and five 6-pounder rapid fire guns and 
two 18-inch torpedo tubes. The water tube boilers are of the 
Normand type, modified. There are four smoke pipes. The 
bunker capacity is go tons and the complement, 65 officers and 
men. 
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All four boats carried on the trials the contract load 
tons. The results were, as follows: 


Date of trial 
Steam pres- 
sure 
Revolutions, 
on miles 
Revolutions 
for 3 hours 
Speed for 3 


Capitan Orella 215 
Capitan Munoz Gamero,,...| Oct. 15 | 214 
Teniente Serrano Dec. 17| 216 
Guardia Marina Riguelme.| Dec. 18 | 215 


= Be 


w 


The I.H.P. developed on the Ored/a was 6,200. After the full 
power trial of the Rigue/me, the vessel was run over the mile, full 
speed astern, and attained a speed of 20.5 knots, a fairly straight 
course being steered during this time. 

From the 8 hours’ coal consumption trials of these vessels, at 
13 knots, the-radius of action at that speed was found to be about 
3,750 nautical miles. 

Torpedo Boats.—Two of the six first class boats, building by 
Messrs. Yarrow & Co., were launched on December 3, 1896, and 
January 16, respectively. The first one had her official trial on 
December 16. These boats were described on page 611 of 
Volume VIII; the data are repeated here. 

They are 152.5 feet long and have a beam of 15.25 feet. The 
guaranteed speed with a load of 25 tons is 25.5 knots, and the 
designed I.H.P. of the triple expansion engines, about 2,000. The 
bunker capacity is 4o tons. Thearmament consists of three rapid 
fire guns and two torpedo tubes. These vessels will be an im- 
provement on the Austrian torpedo boat Viger, built by Messrs. 
Yarrow & Co., and described on page 384 of Volume VIII. 

The official trial was made in the estuary of the Thames, with 
the following results. Steam pressure, 175 pounds per square 
inch; revolutions per minute, 373; speed, for six runs over the 
mile, 26.807 knots, and for the three hours, 26.797 knots. 

The remaining four boats are to be shipped in pieces and put 
together in Chili. The first one of these four has been tested 


= 
| 
30.17 | 362 | 30.23 
| 30.42 | 364 30.08 
| | 30.34 | 379 | 30.26 
|| 30.09 | 362 | 30.12 
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‘under steam, in the presence of Chilian officials, having been com- 
pletely erected and bolted together in the contractor’s yard. 


CHINA. 


Torpedo Cruisers.—Four of this type, building by Mr. F. 
Schichau, Elbing, are to be completed this year. The hulls will 
be of nickel steel. The I.H.P. is to be about 6,410 and the speed, 
32 knots. 


DENMARK. 


Herluf Tralle.—This coast defense vessel is to be commenced 
-during the present year at the dockyard at Copenhagen. The 
-displacement will be about 4,920 tons. 


ENGLAND. 


Powerful.—On page 812 of Volume VIII, the first part of the 
-official trials of this first class cruiser were described. On No- 
vember 27, the final power trials, at 25,000 and 22,000 I.H.P. 
were satisfactorily completed. As was previously stated, the 
-attempts at the full power run, October 17 and 21, were not suc- 
cessful. One boiler was put out of commission by the bursting. 
of a pipe to one of the water gauge columns, and the heat in the 
uptakes was so great, owing to faulty firing, that water from 
the hose on the upper deck had to be used. The vessel returned 
to the Portsmouth dockyard, where the various defects were 
made good, and the smoke pipe casings lagged with four inches 
-of silicate cotton, this lagging extending up to the upper deck. 
The smoke pipes were also lengthened ten feet, making a total 
height of ninety feet.above the grates. 

On November 26, these repairs and alterations were com- 
pleted and a preliminary trial was satisfactorily made, the I.H.P. 
for one hour being over 25,000. On the next day, the final trials 
were made. The following description and data of the trials of 
November 27 are compiled from “ Engineering” and “ The En- 
-gineer,’’ London. 

In the Powerful, the contractors, after completing the four 
hours’ run at full power, had to continue for the subsequent 
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four hours at 22,000 indicated horse power, so that for eight 
hours the boilers were subjected to a test of unusual severity. 
The result eminently justified the step taken in fitting the Belle- 
ville boilers in the Powerful and Terrib/e,and Mr. A. J. Durston, 
C. B., the Engineer-in-Chief, is to be congratulated on the cour- 
age shown in carrying through his policy amidst adverse criti- 
cism, as well as on the success attending it. 

On the first four hours’ run the mean power was 25,886 I.H.P., 
and for the greater part of the time steam was escaping from the 
exhaust pipe, so that there was abundance of steam. In the 
succeeding four hours the mean power was 22,634 1.H.P. Both 
these results were got under natural draft, the stokehold being 
in free communication with the atmosphere. All bulkhead and 
ash hoist doors were open, and the boiler casing covers were down, 
but not airtight. Before going into the details, it may be interest- 
ing here to compare the best results obtained with other types 
of naval vessels working with natural draft. 


Powerful. Blenheim. Hawke. Thetis. 
Weight in fire rooms, tons.................... 1,164 754 628.5 402.3 
‘I.H.P. per ton of fire room weights 19.7 17.1 17.4 
L.H.P. per sq. ft. G. S ‘ 13.1 13.2 13.6 


In the Juno class the power per unit of weight was 14.2 per 
I.H.P. The Blenheim got 28.3 I.H.P. per unit of weight in the 
boiler rooms, but under conditions of forced draft which, if not 
dangerous, were at least at the expense of the boilers, and will 
probably never be repeated. Thus in the latter cruisers pru- 
dence has dictated 20 I.H.P. per ton of boilers as the limit under 
forced draft, yet the Powerful gets over 22 under natural draft 
without any difficulty. 

One point which developed itself in connection with the trials 
was a heating of some of the eccentric straps, owing partly to 
the fact that brass was adopted for lining, and partly to the great 
load on the valves consequent on the high steam pressures in 
use. In the Powerful the steam pressure in the I.P. receiver 
averaged 69 pounds. The substitution of white metal for the 
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brass, and one or two other slight adjustments, however, over- 
came the difficulty. 

The Powerful \eft Portsmouth on Thursday, November 26, 
with 3,000 tons of coal on board. 

Before daybreak on Friday, the vessel started westward to 
commence her runs over the measured course between Rame 
Head and Dodman Point, beginning with a run to the eastward. 

Under ordinary conditions, indicator diagrams are taken every 
half hour, but as it was determined to run the ship three times 
over the course of between 22 and 23 nautical miles, involving a 
quick turn at either.end, the half-hourly period might have oc- 
curred at the moment of turning, when the drag on either engine 
would have materially affected the result. It was therefore 
decided to take two sets of diagrams on each run—one a short 
time after the ship got on the course, and the other before the 
22 miles were traversed. It was found at the end of the trial 
that the mean number of revolutions during the whole four hours, 
including the turnings, was only 0.2 of a revolution per minute 
below the mean on the straight portions of the course. The first 
and last runs were against the wind. With the wind which 
travelled at exactly the same speed as the ship, an increase in 
revolutions more than compensated in the power for the reduced 
pressure. 

The boiler worked well throughout. The instructions were, 
“Fire light, fire often, fire quickly.” It was the intention to fire 
each of the two fires in one boiler every three instead of every 
four minutes, as before, and to fire not more than four shovels 
full of coal atatime. It was found impossible, however, to carry 
this out, owing to the difficulty which an unaccustomed eye has 
in judging just what the thickness of the fire is and where the 
coal is most wanted. The fires were, therefore, kept from 5 to 
7 inches thick and coal put on every four minutes only in suffi- 
cient quantities to fill up the holes or hollows. 

A “ devil’s claw” was used on each fire about every quarter of 
an hour, for the purpose of levelling the fire. Fires were cleaned 
when necessary. The clinker was broken up with a slice bar in 
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the usual way and then quickly withdrawn, the fires being allowed 
to burn down slightly for the short time necessary. 

It has been demonstrated that success is largely a matter of 
careful stoking, a light fire being conducive to economy and high 
evaporative efficiency, since it keeps the furnace in an incandescent 
state. After the coal consumption trials, the space between the 
firebars was increased by ;/; inch, making it 43 inch, while the 
bars are ? inch thick. 

The draft plates were kept open about # inch, the supply of air 
being adjusted by means of the twelve fansinthe firerooms. The 
ash pans were kept fully covered with water. 

It may be noted that the primary purpose of these fans is for 
ventilating, and not for forcing the draft, as this is done by the 
Belleville air compressors, one ineach fire room. These blow air 
over the fires through a pipe with eight nozzles, tapering from 
zs to finch. The mean air pressure thus obtained was 13.85 
pounds per square inch. The ventilating fans are 6.5 feet in 
‘diameter and were run at a mean speed of 290 revolutions per 
minute, their designed speed being 300. 

During the previous trials, the ashes were burned regularly in 
banks all along the sides of the grates. On the full power trial, 
where economy was not sought, this was not done. The draft 
was greatly improved by the lengthened smoke pipes, and it is 
expected that,in future, the time between firing can be increased 
to 5 minutes. Three of the four smoke pipes are oval in shape, 
each 10.75 feetin a fore-and-aft direction. The cross diameter of 
the forward one is 4.75, and of the next two, 7.5 feet. The after 
one is circular, 10.75 feet in diameter. 

The service complement of petty officers, firemen and coal 
passers was on duty. Each watch consisted of the following men 
in each fire room. 

I petty officer in charge. 

2 men for firing the four boilers. 

2 men for breaking up coal, raking out ash pits and cooling 

ash pans. 

I man for supplying coal. 

I man to look after feed, air compressing and fan engines. 
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During the coal consumption trials, an additional man was in 
each fire room to tally coal. 

The number of engineer officers was, of course, greater for the 
trials than the regular complement. For comparison, the regular 
complements of officers and men in the engineer’s force are given. 


Chief | Engi- | Arti- | Chief | Leading 


engineer.| neers. | ficers. | stokers. | Stokers.. Stokers 
| I 6 14 6 | 14 123 


For continuous or service steaming, when the men are in 
three watches, the Powerful is required to develop 18,000 and the 
Blake, 12,000 I.H.P. The maximum powers are 25,000 and 
20,000 IJ.H.P., respectively. 

The temperature of the air on deck was 52 degrees; in the 
ammunition passages, which run alongside the boiler casings 
under the protective deck, the highest record, after ten hours’ 
steaming, was 82 degrees; in other places it ranged from 75 to 
79 degrees. Before the lagging had been put on, a temperature 
of 140 degrees was registered. In the after fire room the tem- 
perature ranged from 80 to 97 degrees; in the middle rooms, 
from 78 to 96 degrees; and in the forward fire room, which is 
narrower than the others, from 75 to 110 degrees. These read- 
ings were taken at various places, but not immediately over the 
boiler casings under the protective deck. The temperature in 
the port engine room ranged from 61 to 87, and in the star- 
board room from 54 to gO degrees. 

In the H.P. cylinder during the full power trial the cut-off was 
74, I.P., 78, and in the L.P. cylinders, 76 per cent. of the stroke. 
The main links were full out, but the H.P. independent link was $ 
inch in gear, while the others were notin use. The safety valves 
were loaded to 260 pounds per squareinch. It may be noted that 
the port engine for a less number of revolutions gave a higher 
power than the starboard engine. This may have been due to a 
slight difference in the pitch of the propellers. For at least an 
hour the engines were developing over 26,000 I.H.P., and then 
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everything was working well. This was obtained with 116 revo- 
lutions; but the engines were for some time running at 119 revo- 
lutions, a very high speed for such massive machinery. 

The following table gives the mean results of the four hours’ 
25,000 I.H.P. trial. The draught forward was 26.25 feet and aft, 
28 feet and 1 inch; force of wind, 5 to 6; moderate sea. The 
coal consumption was not taken. The speed was obtained by 
landmarks. 


Steam pressure in boilers, pounds per square inch 


at reducing valve, pounds per square inch 
engines, pounds per square inch 
Revolutions per minute 
Vacuum, inches 
Mean pressures in cylinders, H.P...............0ccccsscocsssesceeee 


Vacuum in smoke boxes, inch 

The speed of the ship, 21.8 knots, is for a mean of 114.9 revo- 
lutions and 25,886 I.H.P., but the weather conditions were not 
favorable to a speed test. Over the same measured course on a 
previous run the speed for 112.32 revolutions and 24,763 I.H.P. 
was 22.03 knots, so that, under similar conditions, 22.25 knots 
would easily have been attained. The details of the runs over 
the measured course on November 27, prove the unfavorable 
conditions. In the first run—west to east—against the wind, 
which was of force 6, and also against a rough sea, the speed was 
21.451 knots, the I.H.P. being 25,733. The second run—east to 
west—was made with the wind and a following sea, which 
caused the ship to “yaw” considerably, making the steering of a 
straight course a matter of difficulty. The speed was only 
21.945 knots, although the I.H.P. was 26,290. The wind trav- 


257-5 
Starboard. Port. 
227.6 230.3 
208 205 
115 113.8 
26.2 25.0 
93-2 96.9 
38.6 42.4 
4,507 
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elled at the same speed as the ship. In the third run, the speed 
was 21.746 knots, although the I.H.P. power was 25,635. The 
speed, therefore, is unreliable; but there is no doubt that 22.25 
knots may be got withthe power. The Powerful is to go through 
a series of progressive speed trials when she passes into the 
Steam Reserve, and then more reliable data may be got, as the 
primary consideration will not be a power test. Similar data are 
to be got for the Zerridle. 

There is an entire absence of vibration at the higher speeds of 
these vessels. The “beat” of the Powerful when developing 
25,000 I.H.P. was not more perceptible than that of the pulse of 
a man of full vigor. No Atlantic liner is so free from vibration. 
The working at the “expansion joints” of the superstructure did 
not exceed +; inch. 

Immediately after the four hours’ full power trial, the Powerful 
continued at. 22,000 I.H.P. for four hours. Coming after this 
trial, it was severe, but the same system was adopted below with 
equally satisfactory results. The coal was Harris’ hand-picked 
Navigation; it burned well, and the fires had not to be clinkered 
much during the eight hours of the trial. The initial steam 
pressure was slightly reduced. The cut-off in the engines was 
varied somewhat as the power rose or fell, for the contractors 
were expected to make the mean within five per cent. of the 
stipulated total. For the greater part of the time, however, the 
cut-off in the H.P. cylinder was at 69, I.P., 72, and L.P. cylin- 
ders, 70 per cent. of the stroke. The mean results of the 22,000 
H.P. trial are given in the following table. The speed was not 
taken. 


Steam pressure in boilers, pounds per square inch 


at reducing valve, pounds per square inch 
engines, pounds per square inch 
Revolutions per minute 
Vacuum, inches 
Mean effective pressure in cylinders, H.P..........ccsecceceeeseeee 
L.P., 


10 


4 
| 
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™ 
237.5 | 
Starboard. Port. | 
220 216 
19 — 
98 
09. 109.5 
26.2 26.0 
87.1 | 
7 90.3 — 
33-8 38.2 
16.1 16.0 
15.5 16.7 a 
3,684. 3,816. . 
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Starboard. Port. 
L.P., forward 1,935- 
2,019. 
10.955. 11,679. 
22,634 
34 


During this trial the vessel steamed back to Portsmouth. On 
November 28, she went out again in the teeth of a gale (force 7) 
to go through the manceuvring trials. 

The time from full speed to stop for the starboard engine was 
23 and for the port engine, 32 seconds. From stop to full speed 
astern, starboard, 12; port, 23 seconds; from full speed astern to 
full speed ahead, starboard, 11, and port, 15 seconds. 

The steering engines, fitted to the engine room bulkhead, have 
two vertical cylinders, each 11 inches in diameter by 12 inches 
stroke, working through gearing. They are coupled by clutches 
to the one shaft, and so either can be engaged or disengaged. 
The rudder is of the usual balanced type common in the Navy, 
with an area of 270 square feet. Both steering engines were tried 
with the ship steaming about 18 knots. From midships to hard. 
a-port, the time for the port engine was 12} and for the starboard 
engine, 11 seconds. From hard a-port to hard a-starboard, port 
engine, 26, and starboard, 21 seconds. Right back to hard a-port 
the time was 25 and 18 seconds, respectively ; and, finally, from 
hard a-port to midships, 1g seconds for the port, and g seconds 
for the starboard steering engine. Trials were also made with 
the hand steering wheels, the steam gear being disconnected. 
The speed of the ship in this case was 19 knots, and 16 men with 
the three wheels put the rudder over 20 degrees to port in 2 
minutes, bringing it back amidships in 40 seconds. Starboard- 
ing the helm 10 degrees took 10 seconds, and from 10 degrees 
to 15 degrees, 15 seconds; putting it over from amidships to 20 
degrees occupied 56 seconds in all, and they brought the rudder 
back to amidships in 30 seconds. 

Anchor trials were also made. Each anchor weighs 53 tons; 
the cables are 2% inches thick, each shackle of 75 feet in length 
weighing 2 tons. The engine working the heaving capstans has. 
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two cylinders, each 14} inches in diameter by 12 inches stroke. 
Heaving and veering, with two bower anchors laid out, the speed 
was to be 25 feet per minute; heaving both, or veering both, or 
heaving one and veering the other,the speed was to be the same. 
Heaving in the slack cable, the speed was 40 feet. Catting with 
single chain, 20 feet, and heaving in slack cat chain, 40 feet per 
minute. 

Terrible.—The trials of this first class cruiser, which were 
commenced on August 5, 1896, were successfully completed on 
January 9. Some results of the earlier trial were given on page 861 
of Volume VIII. Since then new I.P. and L.P. slide valves 
have been fitted, the smoke pipes lengthened ten feet, and the 
smoke pipe casings lagged. On January 6, the last prelimi- 
nary trial was made. Beginning with 70 revolutions per min- 
ute, these were increased to 106, and the engines then developed 
about 20,000 I.H.P. This was successfully maintained for two 
hours, the machinery working well. The following account of 
the trials and of the changes made in the valves is condensed 


from “ Engineering,” London. 

The 30 hours’ (5,000 I.H.P.) trial was made on August 5 and 
6, the I.H.P. being 5,073, and the coal consumption 2.608 pounds 
per I1.H.P. per hour. The average vacuum in the smoke box was 
.207 inch. The details are given in the following table. 


Steam pressure in boilers, pounds per square inch 
at engines, pounds per square inch 


Vacuum, inches 
Revolutions per minute 
Mean pressure in cylinders, H.P., pounds 
L.P., forward, pounds 
L.P., aft, pounds 
Indicated horse power, 


Total indicated horse power 

Collective indicated horse power 

Speed, from four runs over the mile, knots 
Coal per I.H.P. per hour, pounds 


: 
208. 
26.6 27.0 
64.6 64.2 
30.2 31.2 a 
147 13:5 
7 5-7 
5-9 
754- 772. 
887. 810. | 
| 
13.43 
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Runs were made on the measured mile, but as some part of 
the power was lost in undue cylinder friction, for a reason to be 
referred to later, the speed realized is not reliable; the vessel 
will be put on a speed trial at low powers now that the engines 
have been readjusted; and this readjustment forms an interest- 
ing story. 

The H.P. cylinder has a piston valve, the I.P. and the two L.P. 
cylinders have slide valves. The H.P. cylinder is forward, with 
its piston valve on the after side ; the I.P. cylinder comes next, 
with its slide valve abaft ; while the valves of the two L.P. cylin- 
ders are both placed between the cylinders. The H.P. and LP. 
cranks are at right angles, and the two L.P. cranks are at right 
angles to each other. The high steam pressure, 160 pounds per 
square inch on the H.P. piston, brought prominently forward the 
whole question of the load on the back of slide valves, and some 
interesting problems have developed. A special type of relief 
ring was fitted to the back of the valves, and the cut-offs were 
originally arranged by the contractors so that the powers devel- 
oped by the cylinders would be equal. The details of the 5,000- 
H.P. trial show that this equalization was realized. But when 
the 18,000-H.P. trial came to be run, it was found that the pres- 
sure on the I.P. valves was too great, and the material of the face 
being soft, it wore off rapidly, involving the construction of new 
valves. 

The new valves have harder faces, this being preferred only 
because of the high pressure, although softer metal has a less 
tendency to crack. Each valve is 6 feet 4 inches square, giving 
an area of 40.1 square feet. It is stiffened by ribs on the bars, 
and the face at the back has been chamfered off to ease the work- 
ing. The relief ring is 4 feet # inch in diameter. When run- 
ning to get the ordinary ratios of work from the respective 
cylinders for a total of 18,000 I.H.P., the pressure in the first 
receiver of each engine was 92 pounds, equal to a load of 76 tons 
on the valve when the relief ring was inoperative. It was, there- 
fore, decided to reduce this pressure. 

The valves were altered, $ inch being taken off the steam lap 
and } inch from the exhaust lap. The eccentrics were also 
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altered to reduce the receiver pressures; the I.P. was put back 
in the shaft to give a maximum pressure of about 70 pounds, 
while the L.P. was put back to decrease it from 30 to 25 pounds. 
In addition to the ordinary all-around reversing gear, by-pass 
valves were fitted to admit steam to the I.P. valve casing or second 
receiver. Before this there was a starting valve which admitted 
steam direct to the cylinders, but this had a tendency to blow 
the slide valves off the faces. The 5,000-H.P. trial was made 
with the original setting of the valves. The subsequent trials 
were made with the new arrangement, and the vacuum at the 
back of the relief rings was 17 inches for the I.P. and 21 inches 
for the L.P. valves. 

When the trouble with the valves was first experienced the 
cut-off in the H.P. cylinder was at $9, 1.P.,62,and L.P. cylinders, 
50 per cent. of the stroke. On the trial of January 7 and 8, the 
H.P. cut-off remained at 59 per cent., but was changed to 74 and 
64 for the I.P. and L.P. cylinders, respectively. On the full 
power trial, the cut-offs in the starboard engine were, H.P., .743, 
I.P., .741, forward L.P., .593, after L.P., .624; and in the port 
engine, H.P., .733, I.P., .747, forward L.P., .561, and after L.P., 
.63. In the 22,000-H.P. trial the cut-off was a little earlier in all 
cases. 

The 18,000-H.P. trial, commenced on Thursday, January 7, 
should have been of thirty hours’ duration; but the weather was 
thick and stormy, and it was deemed desirable to anchor inside 
the breakwater before dark, so that it was decided that a twenty- 
nine hours’ trial would be sufficient. 

The number of revolutions varied between 10: and 105 per 
minute, and the I.H.P. between 18,016 and 19,083. The mean 
results for the 29 hours are given in the following table. 


COAL CONSUMPTION TRIAL, JANUARY 7 AND 8, 1897. 


Draught, forward, feet and inches............ccoccesesnsssecscces'overs 26- 1 
Steam pressure in boilers, pounds per square inch .............. 223.5 
Starboard. Port 
Steam pressure at engines, pounds per square inch......... Ronee 202. 196. 


Revolutions per 


re... 
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Starboard. 
Mean pressure in cylinders, FL.P.............0.:s0ccocesveercesseoseees 70.78 
L.P., forward 
aft 


L.P., forward 


Coal per I.H.P., mean for 29 hours 
Vacuum in smoke boxes, inch 
Speed, by log, knots 


The Powerful developed on the corresponding trial 18,433 
1.H.P. for a mean of 102.8 revolutions—practically the same re- 
sult—and the speed was the same. The coal efficiency was 
greater in the Zerrible; the boilers had their fire bars slightly 
closer. The pressure of the air supplied through the ;’,-inch 
nozzles over the fire was 9 pounds to the square inch. The 
vacuum in the smoke box was measured at the peep holes in the 
front of the boilers. At no time during the trial was the coal 
consumption over 1.9 pounds per I.H.P., and for five hours it 
was below 1.6 pounds, seven times more under 1.7 pounds, four- 
teen times under 1.8 pounds, and only three times over 1.8 
pounds. No fires were cleaned until the eighth hour, and then 
the clinker was removed at long intervals. Harris’ Deep Navi- 
gation coal was used. The consumption was equal to 14.1 tons 
per hour, which, for a speed of practically 21 knots, is satisfac- 
tory, and will compare most favorably with Atlantic liner per- 
formances. This, too, makes no allowance for auxiliary ma- 
chinery. In the United States, French and other navies, such 
deduction is made; but even if the power developed by these be 
accurately indicated from time to time, there is difficulty in esti- 
mating the coal used, as they are of various types to suit special 
requirements—simple, compound, or triple. On the Zerrible 
there were in use throughout the 29 hours, six main feed pumps, 
four main circulating pumps, two auxiliary circulating pumps, 
two hotwell pumps, four fire and bilge pumps, two engine room 
fans, one drain tank engine, twelve air pumping engines, two of 


Port. 
77-3 
29.41 
15.31 
14.59 
738. 2,827. 
761. 1,736. 
1,655. 
20.964 
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the three sets of electric light engines (working at nearly full 
load and developing about 180 I.H.P.), and twelve fans. Steam 
was always on the steering engine, and two distiller pumps were 
used for 26 hours, the fan in the evaporator room for 20 hours, 
and twelve ash hoists were used ten minutes in each watch of 
four hours. Thus the 14.1 tons per hour is enough for all ser- 
vice requirements, and as the vessel may carry 3,000 tons, she 
could travel 4,000 nautical miles at this speed. 

The coal burned per square foot of grate area was 14.5 pounds, 
and at this rate the evaporation per pound of coal was about 10 
pounds of water from 100 degrees. This was reckoned from the 
strokes of the feed pumps; as a matter of fact they showed 11.4 
pounds ; but deduction is made for slip. 

On Saturday, January 9, the four hours’ full power trial was 
made, about 14 hours after the previous trial, leaving this much 
time to overhaul engines, sweep tubes, and prepare for the trial. 
It was arranged to run three times over the course between 
Dodman Point and Rame Head. The tide at this course, even 
at the flood, is not over $} knot. Indicator cards and observations 
were taken near the beginning and end of each run. The 
first run was against tide and wind, the force of the latter being 
from 6 to 7. On the third run the wind had freshened. 

When the ship was going with the wind, the latter was travel- 
ing at the same speed as the ship, and the fans were then run at 
354 revolutions per minute. The stokehold covers at the base 
of the funnel were closed; but there was free communication 
between the stokeholds. The pressure in the stokeholds was, 
perhaps, slightly above the atmosphere; there was an appreciable 
draft into the engine room, and a canvas screen was loosely put 
up to keep dust out. These facts show that it was practically a 
natural draft trial; the vacuum, taken as before mentioned, was 
.32 inch, and the 22.25 I.H.P. per ton in the boiler room is con- 
sequently a very good result. The air compressing engines 
were worked at 103 revolutions, the pressure being 14.6 pounds 
to the square inch. 

With the exception of the fourth set of results, when the rev- 
olutions were 114, the engines did not vary much from I11 or 
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112 revolutions. The total power was gradually worked up to 
26,479 I.H.P. with 114 revolutions, then decreased, both engines 
running at the same speed. The variation was .1 revolution per 
minute, so that they proved very sensitive to adjustment. The 
effect of the new arrangement of valves will be seen by reference 
to the steam pressures in cylinders, and the I.H.P. of the sepa- 
rate cylinders. The mean results are given in the following 


table. 
FULL POWER TRIAL, JANUARY 9, 1897, 
Draught, forward, feet and inches................:sceeseseeeeeeeees 25-9 
Steam pressure in boilers, pounds per square inch................ 229 6 
Starboard. Port. 
Steam pressure at engines, pounds per square inch............... 201. 194. 


The maximum temperature recorded in the engine rooms was: 
95, starboard, and 109 degrees, port, the temperature on the 
forecastle deck being 47 degrees. The temperature was also 
taken immediately over the boilers in the stokehold; only in the 
after stokehold was a record obtainable—248 degrees; in all 
other cases the thermometers burst. Again the temperature 
was taken on the level of the upper deck, at the base of each of 
the funnels, but inside the funnel casing. Starting forward, the 
readings were 192, 216, 224 and 138 degrees for the four funnels.. 
The ammunition passages are close to the uptake casings, and 
the readings in the upper passages were 98 to 105, and in the 
lower, 74 to 82 degrees. With all the doors closed, the highest 
reading was 112 degrees, which is not abnormal, even for cordite. 


Ss 22.41 21.10 
L.P. 2,661. 2,568. 
LP, 2,762. 2,599. 
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Immediately following the full power trial came the four hours’ 
trial at 22,000 ILH.P. The speed of the engines was reduced to 
108.83 revolutions, which gave 22,282 I.H.P., while the means for 
the same trial of the Powerful were 109.5 revolutions and 22,634 
L.H.P. 

The mean results are given in the following table. 


22,000-H.P. TRIAL, JANUARY 9, 1897. 


Draught, forward, feet and inches 
aft, feet and inches 
Steam pressure in boilers, pounds per square inch 


at engines, pounds per square inch 
Vacuum, inches 
Revolutions per 
Steam pressure in cylinders, 80.51 
L.P., forward 
L.P., aft 


22,282. 
-34 

Towards the end of the above trial, the stokers somewhat re- 
laxed their vigilance of the system and care which had been 
enforced during the three days; they allowed their fires to get 
thick, and, as a result, a great torch was lighted on top of three 
of the funnels. It was proof of the efficiency of stoking in the 
earlier parts of the trial that nothing of the kind then took 
place. 
A comparison of the speeds of the Powerful and Terrible on the 
18,000 and 25,000-I.H.P. trials will be of interest, owing to the 
difference in the propellers. The Powerful’s propellers, which are 
of Admiralty gun metal, were suggested by experiments in the 
Government experimental tank at Haslar; while the Zerrid/e's 
propellers are those suggested by the long experience of Atlantic 
work of the contractors. The diameters of the propellers of the 
two vessels are the same, 19.5 feet. The Zerridle’s propellers, 
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which are of Parsons’ manganese bronze, have a mean pitch of 
24 feet, and each has 92 square feet of surface, against 73 square 
feet in the case of the Powerful. The blades of the Zerrible’s 
propellers were polished. 

The following table gives the means of the data of three runs 
over the 23-knot course. 


Revolutions. Speed. | Slip. 


18,000-H.P. trial. 
18,678 | 20.96 13.7 (?) 
18.522 | 20.96 14.5 


25,886 21.8 | 18.5 


For the full power trials, the force of the wind was about the 
same, 6 to 7; the sea perhaps was more adverse for the Powerful, 
causing the ship to “yaw” during one of the runs. The mean 
slip is worked out independently for the mean of mean speeds. 

The draught of the Zerrid/e, given in the preceding tables, 
corresponds to the designed displacement, 14,200 tons. 

Two runs of the progressive speed trials have been made on 
the measured mile in Stokes Bay, with the following results. A 
1-knot tide was running, but other conditions were favorable. 

With the tide, speed, 11.25 knots; revolutions, starboard, 49.12, 
port, 47.62; I.H.P., starboard, 1,115, port, 893. This gives a 
mean of 48.8 revolutions, and a total of 2,008 ILH.P. Against 
the tide, speed, 9.326 knots; revolutions, starboard, 50.51, port, 
48.03; I.H.P., starboard, 1,180, port, 907. The mean was 49.27 
revolutions, and the total 2,087 I.H.P. For the two runs the 
means were, speed, 10.288 knots; revolutions, 49; I.H.P., 2,047. 

Juno.—This sheathed, second class cruiser, built by the Naval 
Construction and Armaments Co., Barrow-in-Furness, and, de- 
scribed on page 169 of Vol. VIII, completed satisfactory official 
trials on November 10, 1896. The vessel was laid down on June 
22, 1894, launched on November 16, 1895, and brought to the 
Devonport dockyard in August, 1896, to be docked and made 
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ready for the trials. While in dock, the pitch of the propellers 
was set at 16 feet 7.5 inches. The total cost of the vessel, ready 
for sea, is given in the Navy Estimates as $1,356,485, of which 
. the contractors get $787,125, for the hull, fittings and equipment, 
and $275,025, for the propelling and other machinery, not in- 
cluding steamboats; the amount for guns is $86,000; the balance 
is taken up for dockyard work to complete the vessel. 

The estimated I.H.P. and speed, under forced draft, were 9,600 
and 19.5 knots; under natural draft, 8,000 and 18.5 knots, 
respectively. 

The first of the official trials, 8 hours’ natural draft, was de- 
layed, by the discovery of defective safety valves, until October 
26, when satisfactory results were obtained as follows: Steam 
pressure in boilers, 153, at engines, 151 pounds per square inch; 
vacuum, starboard, 24.8, port, 27.1 inches; revolutions per minute, 
starboard, 138.6, port, 138.3; I.H.P., starboard, 4,116, port, 4,156, 
total, 8,272; air pressure, .42 inch; speed, 18.8 knots. 

On October 28, a four hours’ forced trial was made, but the 
1.H.P. was not developed, although a speed of 19.5 knots was 
attained. Another trial was ordered to take place after the coal 
consumption trial had been made. Some adjustments having 
been made, the forced draft trial was successfully completed on 
November 10, the results being as follows. 

Steam pressure in boilers, 154, at engines, I51 pounds per 
square inch; vacuum, starboard, 26, port, 26.6 inches; revolu- 
tions per minute, both engines, 149.3; I.H.P., starboard, 4,832, 
port, 4,939, total, 9,771; air pressure, .92 inch; speed, 20 knots, 
or $ knot above the contract. Draught of vessel, forward, 19 
feet 11 inches, aft, 21 feet 7 inches, mean, 20.75 feet ; displace- 
ment, about 5,600 tons. 

The 30 hours’ coal consumption trial was finished on Novem- 
ber 1, with the following results: Steam pressure in boilers, 142 
pounds per square inch; vacuum, starboard, 26.1, port, 27.1 
inches; revolutions per minute, starboard, I19, port, 117.9; 
LH.P., 4,863; speed, by log, 16.3 knots; coal per I.H.P. per 
hour, 1.64 pounds. 

The masts are to be shortened from 160 to 140 feet. 
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Doris.—This sheathed, second class cruiser, a sister vessel of 
the Juno, described above, has completed part of her official 
trials. The vessel was launched on March 3, 1896. 

The eight hours’ natural draft trial was made on December 5, . 
with the following results. Steam pressure in boilers, 152, at 
engines, 150 pounds per square inch; vacuum, starboard, 27, 
port, 26 inches; revolutions per minute, starboard, 140.1, port, 
139.7; I.H.P., starboard, H.P. cylinder, 1,360, I.P., 1,315, L.P., 
1,594; I.H.P., port, H.P. cylinder, 1,318, I.P., 1,303, L.P., 1.502; 
I.H.P., collective, starboard, 4,269, port, 4,123; I.H.P., total, 
8,392; speed, knots. 

The four hours’ forced draft trial was made on December 7. 
Steam pressure at boilers, 154, at engines, 150 pounds per square 
inch ; vacuum, starboard, 27, port, 26.25 ; revolutions per minute, 
starboard, 149, port, 148; I.H.P., starboard, H.P. cylinder, 1,493, 
I.P., 1,438, L.P., 2,046; I.H.P., port, H.P. cylinder, 1,465, LP., 
1,428, L.P., 1,981; I.H.P., collective, starboard, 4,977, port, 4,874; 
I.H_P., total, 9,851; air pressure, from 1.1 to 1.2 inches of water. 


Owing to the high seas and strong wind, the speed could not be 
accurately determined, although the runs over the measured 
course between Dodman Point and Rame Head showed an aver- 


age of about 20 knots. 

The indicator cards, taken half-hourly, showed that the revo- 
lutions per minute for the starboard engine varied from 148.7 to 
151.1, the corresponding I.H.P. being 4,919 and 5,098; and for 
the port engine, from 147.7 to 150.5, the I.H.P. being 4,816 and 
5,029. The maximum I.H.P. at any one time was, therefore, 
10,127, with 150.8 revolutions. 

After completing the four hours’ trial, the turning trials were 
commenced, but were interrupted by the breakdown of the steer- 
ing gear, the rudder shaft being bent. Repairs to this were 
completed on December 23. The masts are to be shortened from 
160 to 140 feet. 

Dido.—This sheathed, second class cruiser, described on page 
388 of Volume VIII, completed her official trials on December 20, 
1896. This vessel was laid down on August 30,1894, launched 
on March 20, 1896, and was turned over by the contractors, the 
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London & Glasgow Shipbuilding and Engineering Co., Glasgow, 
on November 1g, 1896, at the Chatham dockyard, there to be 
completed for the trials. The following additional particulars 
and the data of the trials are from “ Engineering,” London. 

The total weight of the machinery in working trim is goo tons, 
The eight single-ended boilers have a total grate surface of 610, 
and heating surface of 19,900 square feet. The contract required 
that 8,000 I. H.P. should be developed with not over .5 inch air 
pressure, the speed expected being 18.5 knots, and with forced 
draft, 9,600 I.H.P., the speed expected being 19.5 knots. 

On December 16, the eight hours’ natural draft trial was made 
with the following results: Draught of vessel at beginning of trial, 
forward, 19.75 feet, aft, 21.75 feet, mean, 20.75 feet; steam pres- 
sure, 150 pounds per square inch; vacuum, starboard, 26.9, port, 
25.6 inches; revolutions per minute, starboard, 136, port, 137.4; 
'LH.P., starboard, 4,111, port, 4,228, total, 8,339; air pressure, 
-I9 inch; speed, by patent log, 19 knots. Weather fine. 

On December 18, the four hours’ trial under forced draft gave 
the following results: Steam pressure, 150 pounds per square 
inch; vacuum, starboard, 26.7, port, 26 inches; revolutions per 
minute, starboard, 143.6, port, 144.7; I.H.P., starboard, H.P., 
1,596, I.P., 1,632, L.P., 1,676; I.H.P., port, H.P., 1,648, LP., 
1,560, L.P., 1,751; collective I.H.P., starboard, 4,904, port, 4,959; 
LH.P., total, 9,863; speed, by patent log, 21.1 knots. 

The highest power developed during the trial was 10,300 I.H.P., 
with a mean number of 147.2 revolutions per minute; the lowest, 
9,592 with 143.7 revolutions per minute. 

On December 20, the 30 hours’ coal consumption trial at half 
power was completed. All of the eight boilers were used. 
Draught, forward, 19.5, aft, 21.5 feet. The results were as follows: 
Steam pressure, 147 pounds per square inch ; vacuum, starboard, 
26, port, 27.5 inches; revolutions per minute, starboard, 117.3, 
port, 117.1; I.H.P., starboard, 2,473, port, 2,452, total, 4,925; 
speed, by log, 17.7 knots; coal per I.H.P. per hour, 1.6 pounds. 

Furious:—This second class cruiser was launched at the Devon- 
port dockyard on December 3, 1896. She is a sister vessel of the 
Arrogant, |aid down at the same yard at the same time, and des- 
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cribed on page 617 of Vol. VIII. The principal dimensions and 
data are repeated, and some particulars, from “ Engineering,” Lon- 
don, added. 

Length, 320 feet ; breadth, 57 feet 6 inches; mean load draught, 
21 feet; displacement, 5,800 tons. Her keel was laid on June 10, 
1895. The armament will consist of rapid fire guns entirely, there 
being four 6-inch, six 4.7-inch, and twelve smaller guns, besides five 
Maxim machine guns. Therearetwo 18-inch submerged torpedo 
tubes. 

The twin screw engines, in separate compartments, are of the 
usual vertical, inverted, triple expansion type, and are to develop 
10,000 I.H.P. under natural draft, and give the vessel a speed of 
from 18.5 to 19 knots. The cylinders are 26, 42 and 68 inches 
in diameter, the stroke being 39 inches. 

The total cooling surface is 5,280 square feet. The machinery 
was built by the Earle Shipbuilding Co., Hull, who also built that 
for the Arrogant. 

The eighteen Belleville boilers, some particulars of which were 
given on page 170 of Volume VIII, under the sister ship Vindic- 
tive, have a grate surface which is now given as 860 square feet, 
and a heating surface of about 23,000 square feet. As the boilers 
are placed in three equal groups in separate compartments, there 
will be three smoke pipes. 

One hundred feet of the length of the ship is given over to the 
eighteen boilers and the coal supply, and 48 feet to the machinery, 
although this includes much of the auxiliary machinery, 7. ¢., 
dynamos, etc. 

The complement of officers and men will be 419. 

The weight of the hull is 2,655 tons, and the launching weight 
was between 2,700 and 2,750 tons. 

The coal capacity at load draught is 500 tons. There are 
bunkers above and below the protective deck. 

Special attention has been devoted to the strengthening of the 
ship forward, so that she may use her ram without the least fear 
of serious damage resulting to the structure. The-other vessels 
of this class, Gladiator, Vindictive and Arrogant, are similarly 
strengthened. The stem is massive and well braced to the inte- 
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rior structure, the framing is heavy, the shell plating is 1 inch 
thick, and over this there is nickel steel armor plating, 2} inches 
thick, extending for avery considerable distance aft, although with 
decreasing depth. At the stem it is the full depth of the ship, 
but the top edge curves downwards and the bottom edge up- 
wards, so that the belt continues at the water line for a distance 
of quite 50 feet from the ram. 

Effective speed and manceuvring will greatly assist calm judg- 
ment when ramming, and everything that wide experience can 
do has been done in the Furious class. There are two rudders, 
one forward, the other abaft, the twin propellers. The deadwood. 
is cut away; in other words, the flat plate keel slopes upward, 
giving the propellers a clear sea in which to work. The after 
rudder is of the usual balanced type and worked in the ordinary 
way, the bottom of the rudder, like the propeller brackets, being 
supported on framing. The small auxiliary rudder forward is of 
the same type. It is worked by worm gearing from the same 
head as the main rudder. 

The masts are to be shortened from 160 to 140 feet, and the 
vessel will be provided with the new “splinter netting.” This 
netting will be of 4-inch mesh and fitted over and around the 
whole vessel and high enough to clear the heads of the men at 
the guns on deck. 

Gladiator.—This second class cruiser, a sister vessel of the 
Furious described above, was successfully launched at the Ports- 
mouth dockyard on December 8, 1896. It is reported that oil 
fuel will be used on this vessel. 

Hermes, Highflyer and Hyacinth.—By the placing of the 
orders for these second class cruisers, the shipbuilding program 
for 1896-97, mentioned on page 376 of Volume VIII, is com- 
pleted. The first two of these vessels will be built by the Fair- 
field Shipbuilding Co., Glasgow, and the Hyacinth by the Lon- 
don and Glasgow Shipbuilding and Engineering Co. 

The two Fairfield vessels will be similar to the Venus, built 
by this company and described on page 830 of Volume VIII, 
and the other one will be similar to the Dido, described on page 
388 of Volume VIII. The machinery of the new vessels will, 
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however, be different from that of the older vessels. The follow- 
ing particulars are from the “ Marine Engineer” and “ Engineer- 
ing,” London. 

The twin screw, four cylinder, triple expansion engines will 
have cylinders 26, 42 and (2) 48 inches in diameter, the stroke 
being 30 inches. The number of revolutions per minute, for 
full power, is to be 180, and the working pressure at the engines, 
250 pounds per square inch. The propellers will be three-bladed. 

There will be eighteen Belleville boilers of the new type placed 
in three compartments, and increasing the number of smoke pipes 
from two, in the older vessels, to three. The total grate surface 
will be 750, and the heating surface about 24,000 square feet. 
The working pressure in boilers will be 300 pounds per square 
inch. The new type of Belleville boiler consists of two series of 
elements, one above the other, with a combustion chamber be- 
tween them. The gases of combustion are broken up by air 
nozzles in the combustion chamber. The feed water, which 
passes through the upper series of tubes, is, therefore, heated to 
a high temperature before it goes to the lower series of tubes or 
those over the fire. This arrangement is said to increase the 
efficiency by 25 per cent. 

Each boiler will contain nine elements, each element having 
seven pairs of 4.5-inch tubes. Over these will be the combustion 
chamber, and over the combustion chamber, nine more elements, 
each with seven pairs of 2.75-inch tubes, the latter forming the 
economizer. Thus each boiler will have 126 large and 126 small 
tubes, all of steel, solid-drawn. The weight of machinery will be 
870 tons. 

The armament will consist of eleven 6-inch and eight 12- 
pounder rapid fire guns; six machine guns, and three under water 
torpedo tubes. 

The contract price of each vessel is reported as about 
$1,180,000, and they are to be finished in about two years. 

Pelorus.—This third class cruiser, the first of a new type, 
which was launched at the Sheerness dockyard on February 15, 
1896, and described on page 390 of Vol. VIII, completed satis- 
factory official trials on November 2, 1896. The following data 
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of the vessel and her trials are from “ Engineering,’ London, 
except where otherwise mentioned. 

The length is 300 feet; beam, 36.5 feet; draught, 13.5 feet; 
corresponding displacement, 2,135 tons. The weight of the hull 
is 1,110 tons. The twin screw, triple expansion engines have 
cylinders 20.5, 33 and 54 inches in diameter, the stroke being 27 
inches. The eight Normand water tube boilers have a total grate 
surface of 350, and a heating surface of 15,800 square feet. The 
propellers are 11 feet in diameter. The contract I.H.P. was 7,000, 
and the expected speed, 20 knots. 

She had exceptionally tall masts with two cross yards on each, 
besides the usual gaffs, but after the trials these masts were 
shortened 12 feet. 

All trials were made with the vessel at her load draught of 13.5 
feet. 

According to the “ Naval and Military Record,” London, the 
vessel started on her eight hours’ natural draft trial on October 
6, but the trial was stopped by defective steering gear. On 


October 7, another trial was made, but, owing to leaky condensers, 
was not finished. 


On October 8 or g, the natural draft trial was successfully 
finished, with the following mean results: Steam pressure, 250 
pounds per square inch; vacuum, 25.3 inches; revolutions per 
minute, 189; I.H.P., starboard, 2,668; port, 2,581; total, 5,249. 

On October 10, according to the “ Naval and Military Record,” 
the 30 hours’ coal consumption trial was commenced, but was 
stopped at the end of about 24 hours on account of priming in 
boilers. 

This trial was successfully finished on October 17, with the 
following results. Steam pressure, 248 pounds per square inch; 
vacuum, 26 inches; revolutions per minute, starboard, 160, 
port, 162; I.H.P., starboard, 1,726, port, 1,841, total, 3,657; speed, 
by log, 16.25 knots. The coal per I.H.P. per hour is not given. 

The forced draft trial of four hours’ duration was commenced on 
October 20, but was, according to “ Industries and Iron,” London, 
unsatisfactory, the vessel returning to Devonport to have her 
propellers altered. Another trial, commenced on October 24, 
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was interrupted by the breaking of a bolt on the port engine. 
On October 27, another trial was interrupted by the breaking of 
a bolt of the drag link on the starboard engine. 

On November 2, this trial was satisfactorily completed with 
the following results. Steam pressure, 260 pounds per square 
inch ; vacuum, 25 inches; revolutions per minute, starboard, 215, 
port, 219(?); I.H.P., starboard, 3,529, port, 3,499, total, 7,028. 
The speed, for three runs over the deep water measured course 
between Dodman Point and Rame Head, was 20.6, 20.7 and 21 
knots, giving a mean of 20.73 knots. This speed makes the 
Pelorus the fastest vessel of her size in the British Navy. The 
weather was fine and the engines and boilers worked well, the 
steam pressure being easily maintained. 

The weight of the machinery, with water, is given as 360 tons, 
so that the I.H.P. (7,028) per ton of machinery is 19.52. The 
heating surface per I.H.P. is 2.25, and the I.H.P. per square foot 
of grate surface, 20.08. 

The machinery was built by Messrs. J. & G. Thomson. 

Proserpine.—This third class cruiser, described on page 419 of 
Volume VII, and which is a sister vessel of the Pelorus, described 
above, was successfully launched at the Sheerness dockyard on 
Saturday, December 5, 1896. The vessel was laid down on 
March 2, 1895. The two vessels differ only in their boilers, the 
Proserpine having Thornycroft, and the Pe/orus, Normand boilers. 
The complement will consist of 225 officers and men. 

Pactolus.—This third class cruiser, built by Sir W. G. Arm- 
strong & Co., Newcastle, and described on pages 391 and 834 
of Volume VIII, was successfully launched on Monday, Decem- 
ber 21, 1896. 

Spitfire and Swordfish.—The trials and some particulars of 
these torpedo boat destroyers were given on pages 618 and 843 
of Volume VIII. The following additional decription of the ma- 
chinery and trials is from “ Engineering,” London, the cylinder 
dimensions being repeated for reference. 

The twin screw, four cylinder, triple expansion engines, and 
nearly all the auxiliary engines were built by Messrs. G. E. Belliss 
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&Co., Birmingham. The main engines were designed to develop 
4,000 I.H.P., with 400 revolutions per minute and a steam pressure 
of 200 pounds per square inch. The cylinders are 18.75, 27.25 
and (2) 28 inches in diameter, the stroke being 18 inches. 

The most noticeable point is the arrangement of valves, which 
presents some novel features. The H.P. and I.P. cranks are set 
opposite to each other, whilst the two L.P. cranks are opposite to 
each other, and at right angles to the two former. The H.P. and 
I.P. valves, and the two L.P. valves, are respectively combined in 
pairs, the two valves of each pair having a common valve rod, and 
being placed one above the other in one chamber. This arrange- 
ment, which is only permissible when the two cranks are placed 
opposite to each other, tends to a reduction of the number of mov- 
ing parts, and enables the engine to be got into less fore-and-aft 
space. There is more room for main bearings, and there is a 
further advantage of a shorter weigh shaft, thus leaving the ends 
of the engine clear for the thrust block and air pump. This ar- 
rangement of valve gear has been used for some time past by 
Messrs. Belliss in their electric light engines, the satisfactory per-- 
formance of which, both in regard to economy and effective work- 
ing, led them to use the same arrangement in these vessels. 

The air pump is worked direct from the main crank shaft, which 
is prolonged by means. of a small crank shaft, the two being 
joined by a coupling. The arrangement, largely adopted in ves- 
sels of this class, enables the air pump to be placed so that it 
does not prevent access to the engine, the small fore-and-aft space 
it occupies not being of great importance. It is also very 
accessible. The diameter of the pump is Ig inches and the length 
of stroke, 4 inches. The pistons are of forged steel, and the top 
cylinder covers of steel, pressed to shape in dies by means of a 
hydraulic press. Each main engine has a cylindrical copper 
condenser with 929 §-inch tubes, the total cooling surface being 
3,040 square feet. 

The auxiliary machinery built by Messrs. Belliss, includes two 
starting engines, two centrifugal circulating engines, two air 
compressors, four fan engines, and one dynamo engine for each 
vessel. 
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There are eight Yarrow boilers in each vessel, the total grate 
surface being 178, and the heating surface, 8,500 square feet. 
The tubes are of steel 1 inch in diameter. The weight of the 
boilers without water, but complete with all fittings, is 41.2 tons 
per boat, giving a total output of 5.54 I.H.P. per hundredweight 
of boiler, based on the trial power (4,570) of the Swordfish. 

Each boiler has an independent feed pump of the duplex type, 
with an additional pump in each of the two stokeholds for 
auxiliary feed. For forced draft there are four fans, each 4 feet 
6 inches in diameter. They are placed horizontally, and are 
driven direct by double-acting engines. 

The weight of propelling machinery, based on the 4,570 I.H.P. 
developed on the Swordfish, is at the rate of 46.63 pounds per 


1.H.P., made up by the following items : 
Pounds per 
LP. 


Weight of stern tube shafting and propellers, . . . . 2.35 
Weight in engine room, including main engines, circulat- 
ing engines, and other auxiliaries, condensers and all 


pipes and fittings, . . . . 17.42 


Weight of boilers and water, funnels, casings, pipes and 
fittings in boilerrooms, ....:..... . 2368 


Total weight in pounds per I.H.P. developed, . . 46.63 


The following results were obtained on the final trials of these 
vessels, the means being for the three hours: 


; Spitfire. Swordfish. 
Date of Trial Aug. 17, 1896. Oct. 21, 1896. 
Draught, forward, feet and inches . 5-23. 
Draught, aft, feet and inches 4 7-5. 
Steam pressure in boilers, lbs. pr. sq. in.. j 203. 


Vacuum, inches 
Revolutions per minute 
Mean pressure in cylinders, H.P.......... 


| 

| 

i Strbd. Port. Strbd. Port. 
re 24.3 23.6 24.1 24.4 

F 401.9 395-7 399.2 398.2 
68. 70.2 66.2 66.7 
L.P., for’d.. 20.2 20.6 19.3 19.5 

f aft... 19.8 18.8 18.9 19.0 


17! 
Swordfish. 


446. 416. 424. 418, 

Speed, knots, 27.461 27.117 


Aix INCHES. 3-09 2.3 


A trial to test fuel economy was made with the Spitfire on 
July 9, 1896. The machinery was worked at about one-tenth of 
the full power, when a speed of approximately 13 knots was made. 
At this rate, 33.2 nautical miles were covered per ton of coal 
burnt, and the fuel consumption was 1.97 pounds per I.H.P. per 
hour. 

Virago.—This 30-knot destroyer, built by Messrs. Laird Bros., 
Birkenhead, and launched on November 1g, 1895, completed 
satisfactory trials on November 27, 1896. 

The displacement is 300 tons, and the designed I.H.P., 6,000. 

In the early part of November, the first preliminary runs, under 
full power, were made over the Skelmorlie measured mile. The 
mean steam pressure was 216 pounds per square inch, and the 
speed, 30.508 knots. About a week after this, on November 12, 
a successful official, full power, coal consumption trial was made 
on the Clyde in the presence of the Admiralty representatives. 
The mean speed for six runs over the mile was 30.17 knots, and 
30.07 knots for the three hours’ continuous steaming. The coal 
consumption was 2.42 pounds per I.H.P. per hour. The mean 
steam pressure was 208 pounds per square inch, and the I.H.P., 
for the three hours, 6,425. The lowest speed made over the 
mile was 29.75, and the highest, 30.51 knots. 

On November 27, the full power speed trial was successfully 
finished, the mean speed for the three hours being 30.049 knots, 
and the revolutions per minute, 363.05. The mean speed for 
six runs over the measured mile is given as 30.365 and 30.57, the 
number of revolutions per minute for the former speed being 
given as 364.. The speed, 30.57 knots, is deduced as the regular 
third mean from the speeds on the separate runs as published. 
The steam pressure averaged 217 pounds per square inch. The 
weather outside the Cumbraes was not of the most favorable 
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description for a high result, the sea occasionally being choppy, 
and clouds of spray breaking over the vessel. 

On December 2, an hours’ coal consumption trial with three- 
fifths power, was made on the Clyde, the I.H.P. being 4,653; 
speed, 13.2 knots; coal per I.H.P. per hour, 2.7 pounds. 

Quail.—This 30-knot destroyer, built by Messrs. Laird Bros., 
Birkenhead, a sister vessel to the Virago, was described on page 
820 of Vol. VII. The designed displacement is 300 tons, and 
the I.H.P., 6,000. 

She was launched on September 24, 1895, and various pre- 
liminary and contractors’ trials were made, during which the 
propellers were modified. In the early part of October, 1896, 
these trials were finished. On October 27, an official trial was 
made, but the results were not satisfactory. 

On December 11, a satisfactory official trial under full power 
was made, the speed for three hours being 30.039, and for the 
six runs over the mile, 30.385 knots. Mean steam pressure, 
about 216 pounds per square inch; revolutions per minute for 
three hours, 368, and for the miles, 372. 

To determine the coal consumption of this class of destroyers, 
at the most economical speed, which was decided to be 13 knots, 
each of them was run for eight hours at this speed. The Quail 
proved herself the most economical, the mean results being as 
follows. Speed, 13.1 knots; revolutions per minute, 141; I.H.P., 
402.4; coal per I.H.P. per hour, 1.6 pounds; coal per day, 6.9 
tons. 

As these destroyers carry about 80 tons of coal, the radius of 
action at 13 knots would be about 3,619 nautical miles. 

On January 4, according to “ Engineering,’ London, another 
speed trial was made with slightly modified propellers. Six runs 
were made over the Skelmorlie mile and the run continued for 
three hours. The mean speed for the three hours was 30.12 
knots, and for the six runs, 30.09 knots. The steam pressure 
_ was about 224 pounds per square inch. The I.H.P for the runs 
over the mile is given as 6,000 by the “ United Service Gazette,” 
London. 

Thrasher.—A sister vessel of the Virago mentioned above, 
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launched on November 5, 1895, completed her trials on Decem- 
ber 15, 1896. A preliminary contractors’ trial was made. in 
August, 1896, the speed being about 30.38 knots. 

On December 1, an official, full power, coal consumption trial 
was made on the Clyde. The mean speed for the six runs over 
the mile was 30.36, and for the three hours, 29.78 knots. The 
mean steam pressure was 210 pounds per square inch, and the 
1.H.P. and revolutions per minute, for the three hours, were 6,562 
and 359.4, respectively. The coal per I.H.P. per hour was 2.67 
pounds. The speed during the three hours was greatly affected 
by the very strong wind and sea, the vessel at times rolling 
heavily. 

On December 15, another trial was made, the speed for the 
three hours being 30.015 knots, and the revolutions per minute, 
362. The runs over the mile gavea speed of 30 knots with prac- 
tically 362 revolutions per minute. The steam pressure was 213 
pounds per square inch. 3 

A special official trial made on January 13, gave a mean speed 
of 30.04 knots for the six runs, and 30.34 knots for the three hours, 
the mean steam pressure being about 208 pounds per square inch. 

Sparrowhawk.—The mean speed given on page 842 of Vol- 
ume VIII, for the three hours’ trial on October 16, should be, 
according to later reports, 30.056 instead of 30.68 knots, the revo- 
lutions per minute being 365. The steam pressure was about 
214 pounds per square inch. As the speed for three hours is 
deduced from the revolutions and speed on the mile runs, the 
speed for the three hours, if the revolutions are correct, should 
be about 30.29, and not 30.056 knots. 

Express.—This 33-knot torpedo boat destroyer, building by 
Messrs. Laird & Bros., Birkenhead, will, according to latest re- 
ports, have twin screw engines which are to develop about 10,000 
1.H.P. The displacement will be about 300 tons. 

Fame.—This 30-knot torpedo boat destroyer, built by Messrs. 
J. I. Thornycroft & Co., Chiswick, and launched on April 15, 
1896, made a preliminary trial of three hours’ duration on Octo- 
ber 28, to test the coal consumption, in order to determine the 
load to be carried on the full power consumption trial, accord- 
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ing to the new requirements mentioned on page 399 of Volume 
VIII. The average speed for the three hours was 29.579 knots. 
A complete description of this type of destroyer was given on 
page 182 of Volume VIII. 

The four hours’ full power trial was commenced off Chatham 
dockyard on January 15, but was interrupted by the breaking of 
two bolts of the rudder gear. 

Mallard.—A sister vessel of the ame, mentioned above, was 
successfully launched on November 19 

Chamois and Crane.—These 30-knot destroyers, built by the 
Palmer’s Shipbuilding Co., Howdon-on-Tyne, were launched on 
November 3 and December 17, 1896, respectively. These de- 
stroyers are 215 feet long between perpendiculars; their beam is. 
20.75 feet; depth, 12 feet 10 inches; mean load draught, 5 feet 
5 inches. 

Earnest, Locust and Panther.—These 30-knot destroyers, 
built by Messrs. Laird Bros., Birkenhead, were launched on 
November 7, December 5 and January 21, respectively. The 
displacement is about 320 tons, and the I.H.P., 6,000. 

Otter.—This 30-knot destroyer, built by the Naval Construc- 
tion and Armaments Co., Barrow, was launched in the latter 
part of November, 1896. The displacement is about 300 tons, 
and the I.H.P., 6,000. 

FRANCE. 

Carnot.—This battle ship, described on page 401 of Volume 
VIII, has been continuing her trials. Preliminary trials were 
given on page 625 of Vol. VIII. 

On December 5, 1896, a six hours’ trial with assisted draft was. 
successfully completed. The mean J.H.P., including the auxili- 
aries, was 10,203; revolutions per minute, 95; speed, about 18 
knots. For a short time, with 98.5 revolutions per minute, the 
I.H.P. was 11,389. The machinery worked well. 

On December 1g, the forced draft trial was interrupted by’ de- 
fective boiler feeding apparatus. As the vessel was returning to. 
Toulon, the steering gear became deranged. This was discovered 
just in time to prevent the vessel from grounding in the entrance 
to the harbor. She was towed into Toulon harbor by tugs. 
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On December 29, the full power trial was resumed, three runs. 
being made over the measured mile offthe Hyéres Islands. With 
the engines running at 105 revolutions per minute and developing 
about 16,050 1.H.P., the mean speed was 17.9 knots. The fastest 
run was made at the rate of 18.5 knots. 

The “ Yacht,” Paris, says that the vessel exceeds the designed 
displacement by 200 or 300 tons, and the after military mast will 
be taken out and the number of bridges on the superstructure 
reduced. 

On January 15, a coal consumption trial at 12 knots was made 
over the measured mile. Only four out of the twelve groups of 
boilers were used. The mean results for the four runs were as 
follows. Steam pressure, 142 pounds per square inch; revo- 
lutions per minute, 63; I.H.P., 3,109; speed, 11.9 knots. The 
amount of coal burned is given as 440 pounds per hour per 
furnace. Taking the grate surface given on page 385 of Volume 
VII for the eight boilers in use, 361.73 square feet, the coal per 
square foot of grate would be 19.46 pounds, and the coal per 
I.H.P., 2.26 pounds per hour. 

Further trials will be postponed until one of the under water 
torpedo tubes has been installed. 

A,;.—This battleship will be laid down at Brest, and will be 
very much like the Henri JV, building at Cherbourg. The dis- 
placement will be about 8,860 tons, and the speed, under natural 
draft, 17 knots. Water tube boilers will be used. Probable 
armament, two 12-inch, six 5.45-inch and four 3.94-inch guns, 
the last two sizes to be rapid fire guns. Estimated cost, exclu- 
sive of armament, $3,689,800. 

C,.—This first class, sheathed, triple screw cruiser will be of 
the Jeanne da’ Arc type, and will be laid down alongside of this. 
vessel at Toulon. The length will be 460 feet ; beam, 61 feet; 
and displacement, 11,050 tons. 

The proposed armament consists of two 7.48-inch, eight 5.51- 
inch and twelve 3.94-inch rapid fire guns, twenty-four 3 and 
I-pounder rapid fire guns, and two submerged torpedo tubes. 

The three engines will be of the vertical, triple expansion type, 
designed to develop about 28,100 I.H.P. and give the vessel a 
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speed of 23 knots. Normand water tube boilers will be used. 
The radius of action, with a bunker capacity of about 2,065 tons, 
is expected to be 2,000 nautical miles at a speed of 23 knots, and 
13,500 miles at 10 knots. The estimated cost is $4,934,754. 

D, and D;—These first class, sheathed, triple screw station 
cruisers are to be of a new type; one will be built at Lorient and 
the other, by contract. The Lorient cruiser, D,, will have a 
length of 438 feet, a beam of 48 feet, and a displacement of about 
5,410 tons. The armament will consist of eight 6.3-inch, and 
twelve 1.85-inch rapid fire guns; and two submerged torpedo 
tubes. 

The three engines will be of the vertical, triple expansion type, 
designed to develop about 16,860 I.H.P. and to give the vessel a 
speed of 23 knots. Normand boilers will be used. The esti- 
mated cost is $2,134,962. 

Foudre.—This twin screw vessel, built as a torpedo transport 
or depot ship, and which was described on page 824 of Vol. VII, 
commenced her trials in September, 1896. There are 24 boilers 
of the Lagrafel-d’Allest water tube type, arranged in six com- 
partments, with one smoke pipe for two compartments. The 
triple expansion engines were designed to develop 11,244 I.H.P., 
and give the vessel a speed of from 18.5 to 19 knots. The fol- 
lowing details of the trials are from “ LeYacht,” Paris, and the 
“ Rivista Marittima,” Rome. 

On September 30, 1896, a four hours’ full power trial was com- 
menced. Everything worked well, the mean speed for about 
three and a half hours being 19.513 knots. At the end of that 
time, while the vessel was making the turn at one end of the 
measured mile, she ran aground. She was successfully floated 
some time after, and an examination showed that no injury had 
been done. 

On October 28, four runs were made over the measured mile 
off the Hyéres Islands, the mean speed being 19.6 knots. The 
revolutions per minute were 106, starboard, and 107, port, and 
the I.H.P., 11,766. The trial was, however, interrupted by the 
heating of some bearings and by several leaks. 

On November 12, a coal consumption trial under forced draft 


SHIPS. 177 


‘was made, the average revolutions per minute being 101.5; the 
1.H.P., 9,883, and the coal per I.H.P., 1.792 pounds. As this 
consumption was within the contract limits, 1.788 to 2.011 pounds 
per I.H.P. per hour, there was neither premium nor penalty. The 
penalty for a consumption below 1.788 pounds was fixed at about 
$40 for each gramme. 

Bruix.—This twin screw armored cruiser, built at Rochefort 
and launched in 1894, started on her preliminary trials in the 
middle of 1896. The designed I.H.P. and speed of this vessel 
were about 8,580 and Ig knots. On one preliminary trial, 7,110 
1.H.P. was obtained. Several official trials have been made, but 
no results published. An attempt at a trial in October, during 
the heavy gales, showed that this vessel could not use her bat- 
tery. During the passage from Cherbourg to Brest, the vessel 
was injured by the high seas. Although the designed speed of 
19 knots has never been attained, the vessel is, according to “ Le 
Yacht,” Paris, good for 18.5 knots in service, and has been com- 
missioned. 

Pascal.—This sheathed, twin screw, second class cruiser, de- 
scribed on pages 189 and 849 of Volume VIII, has completed 
satisfactory trials. The following particulars are from “ Le 
Yacht,” Paris. 

The four 6.3-inch guns have been replaced by four 6.49-inch 
rapid fire guns in sponsons, protected at their bases by 2.13-inch 
armor. The guns are mounted on central pivot carriages and 
are protected by 2.13-inch chrome steel shields. A similar pro- 
tection is given to the ten 3.94-inch guns. 

The full power trial was made on December 17, 1896, off 
Toulon. With 130 revolutions per minute, the engines devel- 
oped 8,600 I.H.P., and gave the vessel a speed of 19.7 knots. 
The machinery was not forced, as the contract called for only 
8,384 I.H.P. and a speed of 19 knots. 

On the trial under natural draft, on December 22, the speed 
was over 18.5 knots and the I.H.P. below 7,890. 

On January 2, a six hours’ coal consumption trial was made, 
running with the starboard engine only, the port one being un- 
coupled. The trial was intended to be made at a speed of 10 
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knots, and with 888 I.H.P. The results were as follows. Mean 
number of revolutions per minute, 76.27; I.H.P., 922; speed, 
10.49 knots ; coal per I.H.P. per hour, 1.46 pounds. 

Tests were made after this trial in coupling and uncoupling 
the port engine, the former operation taking 13, and the latter, 
14 minutes. 

The starboard engine was then tried to find the lowest number 
of revolutions at which the engine would run. This number was 
found to be 15 per minute, but the slowest speed in regular 
practice was found to be about 30 revolutions per minute. 

On January 11 and 12, a satisfactory 24 hours’ trial was made. 
The mean number of revolutions per minute was 119; I.H.P., 
6,085; speed, 17.56 knots; coal per I.H.P. per hour, 1.6 pounds. 

K,.—This third class cruiser will be built by contract, and will 
be of the D'Esrées type, building at Rochefort, but larger and 
faster. The displacement will be about 2,410 tons. The arma- 
ment will consist of two 5.45-inch, four 3.94-inch and eight 1.85- 
inch rapid fire guns. The twin screw engines are designed to 
develop about 8,380 I.H.P. and to give the vessel a speed of 20.5 
knots. 

T,.—This gunboat will be built by contract, and will be similar 
to the Surprise. She will be sheathed, the displacement being 
about 620 tons; the length, 184.7 feet; beam, 24.27 feet, and the 
speed, 13 knots. The armament will consist of two 3.94-inch, 
four 2.56-inch and four 1.46-inch guns. Estimated cost, $264,620. 

M,.—This torpedo boat destroyer will be built by contract. 
She will be of a new type, but the plans have not yet been com- 
pleted. The speed is to be 26 knots, and the radius of action at 
10 knots, 2,500 nautical miles. 

P;; and Py.—These first class torpedo boats will be of the 
Normand type, 121.3 feet long, and have a beam of 15.09 feet, 
a displacement of about 84 tons and a speed of 23.5 knots; twin 
screws; I.H.P. about 1,480. The armament will consist of two 
1.46-inch guns and two torpedo tubes, one of which will be in 
the bow and the other on a pivot on deck. 

Mangini.—This sea-going, twin screw torpedo boat, of which 
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a description was given on page 148 of Volume VII, completed 
her trials in November, 1896. 

The boat is 147.6 feet long; beam, 14.76 feet; draught, about 
7.89 feet; displacement, 127 tons. Contract speed, 25 knots; 
designed I.H.P., about 2,070. She was built by the Chantiers 
de la Loire. There are two Du Temple boilers, type 1895. 
The bunker capacity is about 18 tons of coal, giving a radius of 
action of 1,800 miles at 10 knots. The complement will consist 
of 34 officers and men. 

On November 6, the full power trial was made off Lorient. A 
speed of 27.52 knots, or 2.52 over the contract, being realized. 
This places the Mangini next in speed after the Forban, the fast- 
est torpedo boat in the French navy. 


GERMANY. 


Kaiser Friedrich 111.—It may be noted that this battleship, 
see page 827, Vol. VII, and table facing page 556, Vol. VIII, 
will be the first vessel to have the new Krupp rapid fire guns of 
9.45-inch caliber. 

Odin.—This fourth class battleship, the eighth of the Siegfried 
class, completed her trials in November (?), 1896. This vessel 
was launched at Danzig on November 5, 1894, and made her 
trials during 1896. No data of the trials are available. 

The following description is taken from “ Mittheilungen aus 
dem Gebiete des Seewesens,” Pola. In general, the Odin is a 
sister vessel of the Aegir, described on page 604 of Volume VII. 
The length between perpendiculars is 236.2 feet; beam, 50.53 
feet; mean draught, full load, 17.38 feet; corresponding displace- 
ment, 3,474 tons. The earlier vessels displaced 3,440 tons. In 
the Aegir and Odin, the side armor extends only around part of 
the vessel, a central citadel and protective deck, all of Krupp’s 
nickel steel, completing the protection. 

The armament consists of three 9.45-inch, 45 caliber guns; 
ten 3.46-inch rapid fire guns; six machine guns, and three 17.72- 
inch torpedo tubes, one in the bow under water and the others in 
broadside above water. 

The twin screw, triple expansion engines are the same as those 
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of the Aegir, with cylinders 26, 40 and 63 inches in diameter, the 

stroke being 29.5 inches. The designed I.H.P. is 4,734, and the 
expected speed is givenas17knots. There are eight water tube 
boilers, fitted to burn masut, or liquid fuel refuse. 

The coal capacity of the Odin has been increased to about 260 
tons, that of the older vessels being only about 220 tons. The 
complement consists of 166 officers and men. 

Hela.—This twin screw despatch vessel, the largest one in the 
German Navy, has completed her official acceptance trials. The 
following description of the vessel and data of the trials are from 
the “ Marine Rundschau,” Berlin. 

The He/a was laid down at the Weser Co.'s yard, Bremen, on 
December 5, 1893,and was known as ship 7. She was success- 
fully launched on March 28, 1895, and, after finishing the con- 
tractors’ trials, was preliminarily accepted on January 18, 1896, 
and taken to the dockyard at Wilhelmshaven. 

The hull is built of steel, with a protective deck and coffer dams. 
The length between perpendiculars is 328.1 feet ; beam, 36.09 feet; 
mean draught, 15.42 feet; displacement, about 1,970 tons. The 
designed I.H.P. of both engines was 5,918, and the speed, 20 knots. 
The ram is very long. There are two pole masts and one smoke 
pipe. The armament consists of four 3.46-inch and six 1.97-inch 
rapid fire guns; and three 17.72 inch torpedo tubes, one sub- 
merged in the bow and two above water in broadside. 

There are six boilers. The diameter of the propellers was fixed 
at 10.66 feet as a result of preliminary trials with the original and 
larger propellers. The pitch is 13.45 feet. The machinery is very 
light, every effort having been made to reduce the weight. The 
coal bunker capacity is about 350 tons. 

The complement consists of 168 officers and men. 

On May 3, 1896, the vessel was put in commission for the 
official trials. On May 16, the vessel was to steam to Kiel, by 
way of Cape Skagen, Denmark, but, owing to the breakdown of 
the starboard engine, the vessel went to Kiel through the Emperor 
William Canal with the port engine. Repairs were finished on 
May 30, when trials were made over the measured mile to de- 
termine the most advantageous pitch for the propellers. These 
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trials showed that the propellers were too large, causing excessive 
vibration. The diameter and pitch were then fixed as given above, 
the vibration being reduced to very little. 

During the contract trials, on July 18, the H. P. cylinders of 
both engines were damaged, and caused a postponement of the 
trials until August 3. The trials were finished on September 11, 
1896. 

The following are the results of the various runs over the 
measured mile, the first two trials having been made under forced 
draft. The radius of action is based on a bunker capacity of 344 
tons of coal. 

Revolutions. 1.H.P. Speed, knots. Radius, N. M. 
176.5 5,780 20.428 Pte 
166.9 4,746 19.528 1,584 
158.8 4,062 18.504 1,762 
141.75 3,855 16.549 2,267 
133-25 2,347 15.474 2,488 

94.85 975-4 11.170 3,503 

The coal consumption, for speeds varying between 15.474 and 
18.504 knots, and for 11.17 knots, was obtained from 24-hour 
trials. For the former, which is called “quick speed for long 
distances,” the coal per I.H.P. per hour was found to be 1.9 
pounds, and for the latter, 11.17 knots, which may be called 
“ service speed,” the coal consumption was 2.18 pounds per I.H.P. 
per hour. 

With one engine stopped, and using all the steam supplied by 
the six boilers under an air pressure of .47 inch, the maximum 
performance of the other engine was 2,604 I.H.P. with 154.3 rev- 
olutions per minute, the mean speed of the vessel being 15.7 
knots. 

When steaming, the stern is raised. The bow and stern waves 
are not considerable. The height of the wave, when steaming 
at the maximum speed of 20.4 knots, was 3.94 feet. The vessel 
has great stability, as was shown during full speed with the rud- 
der hard over, the list then not exceeding 3 degrees. 

‘When steaming with one engine, the rudder must be put over 
10 degrees to steer a straight course. The diameters of the 
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turning circles, at a speed of 11 knots, with the rudder hard over, 
were found to be 2,080 feet to starboard and 2,067 feet to port. 
At 16.5 knots, the diameters were 2,067 to starboard and 2,132 
feet to port. When steaming ahead with one engine and back- 
ing at the same speed with the other, these diameters were re- 
duced, on an average, from 328 to 656 feet, respectively. The 
vessel’s headway was stopped in the following times and dis- 
tances, the time being counted from the backing of the engines 
with the full available power. 


Speed. Elapsed time. Distance. 
5 knots. 32 seconds. 190 feet. 
45 312 

50 328 
53 361 
75 984 


HOLLAND. 


Friesland and Holland.—These protected cruisers, described 


on page 829 of Volume VII, were successfully launched on No- 
vember 5 and October 4, 1896, respectively. The Friesland was 
launched by the Netherlands Steamship Co. at Feijenoord and 
the Holland, at the dockyard at Amsterdam. 


JAPAN. 


Armored Cruisers.—Contracts for two armored cruisers were 
let on December 29, 1896, one to the Wm. Cramp & Sons Ship 
and Engine Building Co., Philadelphia, and the other to the Union 
Iron Works, San Francisco. 

Both vessels will have twin screws and be built of steel. The 
armament, to be supplied by Japan, will consist of two 8-inch guns; 
ten 4.7-inch, twelve 12-pounder and two 24-pounder rapid fire 
guns; and five torpedo tubes, one of which will be in the bow, 
under water, and the other in broadside. The engines will be of 
the vertical, triple expansion, four cylinder type. Each vessel 
will have twelve single-ended cylindrical boilers in three compart- 
ments, and one smaller auxiliary boiler above the protective deck. 
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The working pressure will be 155 pounds per square inch. The 
designed speed is 22.5 knots. 

The principal data so far fixed for the cruiser to be built at 
Cramp’s shipyardareas follows. Length between perpendiculars, 
374-5 feet; beam, 48 feet g inches; mean draught, 17 feet 9 inches; 
displacement, 4,900 tons; I.H.P., 17,000; grate surface, 920, and 
heating surface, 26,000 square feet. 

The Union Iron Works cruiser will be a little longer, but draw 
slightly less water. The principal data are as follows. Length 
over all, 405 feet; length between perpendiculars, 376 feet; 
beam, 49 feet; mean draught, 17 feet 7.25 inches; displacements 
4,760 tons; I.H.P., 15,500; grate surface, 792, and heating sur- 
face, 22,000 square feet. 

Torpedo Boat Destroyers.—Messrs. Yarrow & Co. have re- 
ceived an order to build two destroyers, the guaranteed speed 
being 31 knots. 

Torpedo Boats.—Mr. Normand, Havre, is to build five sea- 
going torpedo boats. 


NORWAY. 


Harald Haarfagre.—This coast defense vessel, one of the two 
described on page 635 of Volume VIII, was built by Sir W. G. 
Armstrong & Co., and successfully launched on January 4. 

The dimensions of the vessel as finished and the armament are 
given by “ Engineering,” London, as follows. Length, 280 feet; 
beam, 48.5 feet; draught, 16.5 feet; displacement, 3,500 tons. 
The armament will consist of two 8-inch, four 4.7-inch (?), six 12- 
pounder and six 1}-pounder guns, and two 18-inch torpedo tubes, 

The belt armor will be from 4 to 7 inches thick, and the con- 
ning tower, 6 inches thick. 


PORTUGAL. 


1,770-ton Cruisers.—The contract for these two protected, 
sheathed cruisers, mentioned on page 852 of Volume VIII, has 
been given to the Forges et Chantiers de la Mediterranée, Havre, 
according to “ Le Yacht,” Paris, from which the following de- 
scription is taken. 
12 


4 


184 SHIPS. 


Length between perpendiculars, 246 feet; beam, 35.43 feet; 
depth, 23 feet; draught, 14.27 feet; displacement, 1,771 tons; 
I.H.P., about 2,615 ; speed, natural draft, 15 knots. 

The protective deck will be .79 inch thick on the inclined sides. 
A double cofferdam will reach from the protective deck to 3.28 
feet above the water line and will extend from the torpedo work- 
shop forward to the stern. The hull will be sheathed with teak 
and coppered. The stem and stern post will be of bronze. 
There will be two low masts rigged as a barkentine. 

The armament will consist of two 5.9-inch, four 4.7-inch and 
eight 1.85-inch Canet rapid fire guns, two machine guns and one 
torpedo tube forward. 

The twin screw engines will be of the vertical, triple expansion 
type, and be placed in separate compartments. The boilers will 
be of the Normand & Sigaudy type, placed in two compartments. 
There will also be an auxiliary boiler. 

The electric light and power plant will consist of two dynamos 
of 200 amperes and 80 volts. The ammunition hoists will be 
electric. 

RUSSIA. 

New Battleship and Cruiser.—A battleship, of about the 
same typeas the Rosti/av, described on page 853 of Volume VIII, 
is to be built at Nicolaieff. The displacement is to be 8,660 tons, 
the I.H.P., 8,384, and the speed, 16 knots. 

A cruiser of 13,779 tons displacement, which will be an enlarged 
Rossija, described on page 637 of Volume VIII, has been laid down 
at the Baltic Works, St. Petersburg. 

Sissoi Veliki.—This twin screw battleship, built at the new - 
Admiralty Works, St. Petersburg, and launched on June 2, 1894, 
had her trials on October 17, 1896. 

The length on load water line is 345 feet; length between per- 
pendiculars, 332 feet; beam, 68 feet 10 inches; draught, 22 feet ; 
displacement, about 8,880 tons. The hull is built of steel. There 
is a complete belt at the water line, 15.75 inches thick amidships 
and tapering to 11.8 inches at the ends, with athwartship bulk- 
heads 11.8 inches thick; above this is a central casemate, 5 inches 
thick. The turret armor is about 11 inches thick. The protec- 
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tive deck, 3 inches thick, is curved, the crown being about 3 feet 
above, and the edges at the sides about 5 feet below the water 
line. 

The armament consists of four 12-inch guns, arranged in pairs 
in the two turrets; six 5.9-inch, twelve 1.85-inch and four 1.46- 
inch rapid fire guns; two machine guns; and six torpedo tubes, 
one forward, one aft, and four in broadside. The arc of five of 
the turret guns is 230 degrees, and that of the 5.9-inch guns 120 
degrees. 

The twin screw triple expansion engines were designed to 
develop 8,500 I.H.P. and give the vessel a speed of 16 knots. 

There are two smoke pipes and two military masts. -The 
complement comprises 32 officers and 550 men. The coal supply 
is about 800 tons. The cost of the vessel is about $4,000,000. 

The following data of the trial are from the ‘ Marine Runds- 
chau,” Berlin. 

The draught was 23.75 feet, or 1.75 feet more than the 
contract draught. The corresponding displacement was 9,608 
tons. The mean speed, obtained from runs over the measured 
mile, was 15.65 knots. The revolutions per minute varied from 
82 to 89, and the steam pressure in boilers, from 100 to 125 
pounds per square inch. The average results obtained from 
eight sets of indicator cards taken from each engine were as: 
follows. Starboard engine, steam pressure, 110 pounds; revo- 
lutions, 87.5; I.H.P., H.P. cylinder, 1,357, I.P., 1,224, L.P., 1,625; 
I.H.P., collective, 4,206; port engine, steam pressure, 111 pounds; 
revolutions, 87.6; I.H.P., H.P. cylinder, 1,253, I.P., 1,291, L.P., 
1,745; I.H.P., collective, 4,289. 

The total ILH.P. was 8,495, or 5 below the contract require- 
ment. The average I.H.P., computed from four sets of indicator 
cards, taken while running over the mile, was, however, 8,635. 
For this power the speed was, as stated above, 15.65 knots. 

Admiral Senjavin.—This twin screw coast defense vessel, a 
sister to the Admiral Oushakoff, described on pages 175 and 839 
of Vol. VII, completed her trials on October 30, 1896. 

The vessel was built at St. Petersburg and launched in 1894. 
The length over all is 278 feet; beam, 52 feet; draught, mean, 17 
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feet; displacement, 4,126 tons. There is a complete belt armor, 
10 inches thick; above this, there is a casemate, with from 7 to 
8 inches of compound armor. The protective deck varies from 
2.5 to 3 inches. 

The armament consists of two large guns, one forward and the 
other aft, the caliber of which is given as 9 and 10 inches; four 
5.9-inch and six 1.85-inch rapid fire guns; eight machine guns; 
and four torpedo tubes. 

The twin screw, triple expansion engines were designed to de- 
velop 5,000 I.H.P. and give the vessel a speed of 16 knots. They 
were built by Messrs. Humphreys, Tennant & Co., Deptford. 

The coal supply is about 400 tons, and the complement, 318 
officers and men. 

The following data of the twelve hours’ trial on October 30, 
1896, are from the “ Marine Rundschau,” Berlin. 

The average results from eleven sets of indicator cards taken 
from both engines gave 5,254 I.H.P., or 254 over the contract re- 
quirement. The steam pressure was 123.5 pounds per square 
inch, and the revolutions per minute, starboard, 130.87, port, 
130.4. The above I.H.P. was distributed as follows. 

Starboard engine, H.P. cylinder, 835, I.P., 875, L.P., 928; 
total, 2,638. Port engine, H.P. cylinder, 815, I.P., 899, L.P., 
902; total, 2,616. 

The 1.H.P. of the sister vessel, the Oushakoff, on the twelve 
hours’ trial was 5,764.8, and the speed, 15 knots. 

Rossija.—This triple screw armored cruiser, which was de- 
scribed on page 637 of Volume VIII, ran aground off Cronstadt 
in November, 1896, and is now frozenin. The following account 
is from the “ Times,” London. 

“Our St. Petersburg correspondent telegraphed last night, No- 
vember g: ‘The new Russian cruiser the Russia, which was 
only launched in the Neva on May 12, is still on a sand bank 
off Cronstadt. Large dredgers have been ordered from Hel- 
singfors to dig a passage and try to get her afloat. The Russia 
is the largest ship in the Russian Navy, and was built at the 
Baltic works. No other Russian war vessel has ever been ready 
for sea so soon after leaving the slips. This is due to the anx- 
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iety of the Admiralty to get her abroad this year before the ice 
closes up the river. After a short stay at Cronstadt the cruiser 
was to go to Libau to complete her equipment for the Mediter- 
ranean. For two weeks high water was awaited in the Neva to 
permit her to steam down to Cronstadt. On Saturday, Novem- 
ber 7, a strong west wind and storm, which flooded the lower 
parts of St. Petersburg, gave the desired opportunity. Twelve 
tugs towed her into the sea canal, and the cruiser then took her 
own course, the weather being too rough for the tugs to accom- 
pany her all the way. According to the account published in 
to-day’s ‘ Petersburger Zeitung,’ a piston of an air pump broke, 
and something occurred to disable one of the three engines. In 
spite of this, the cruiser reached Cronstadt Roads and let go two 
of her anchors, but the wind changed to the north and, in turn- 
ing, the vessel grounded near one of the mid-water forts. Un- 
fortunately, the wind dropped suddenly, the water ebbed away, 
and the cruiser, in spite of every effort, sank still deeper into the 
sand. Itisa quate whether she can be got off before the ice 
prevents navigation.” 

The “ Yacht,” Paris, says that after all efforts had failed to get 
the cruiser off, preparations were made to protect her from the 
ice. Piles were driven in the sand all around the vessel, and a 
wall of beton blocks was seriously considered. The cruiser is 
resting easily and safely, as far as known, and, it is to be hoped, 
will get off safely in the spring. 

Svetland.—This twin screw protected cruiser, built by the 
Forges et Chantiers de la Mediterranée at their Graville yard, 
near Havre, France, was successfully launched on Sunday, De- 
cember 6, 1896. The vessel was laid down on December 1, and 
the first rivet driven December 7, 1895. 

The following details are from “ Le Yacht,” Paris : 

The length is 331.4 feet; beam, 42.65 feet; draught, 18.76 feet; 
displacement, 3,767.5 tons. The protective deck varies from .82 
to 1.48 inches in thickness, a splinter deck being uehow this over 
the machinery spaces. 

The armament will consist of six 5.9 Canet and ten 1.85-inch 
Hotchkiss rapid fire guns, and four torpedo tubes. 
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The vertical triple expansion engines are designed to develop 
8,384 I.H.P. under forced draft and give the vessel a speed of 20 
knots. Thereare to be eighteen Belleville boilers. There will be 
three smoke pipes and two light masts. The normal coal supply 
will be about 980 tons. 

Diana and Pallada.—These cruisers, building at the Franco- 
Russian dockyard, St. Petersburg, will have three screws and a 
speed of 20 knots. The length will be 414 feet; beam, 55 feet; 
draught, 21 feet; displacement, about 6,630 tons. They are to 
be launched not later than November, 1897. 

The engines will be of the vertical triple expansion type and 
are designed to develop about 11,600 I.H.P. The boilers will be 
of the Belleville type. 

With the exception of the walines and their fittings, which will 
be made abroad, everything is to be of Russian make. 

Tri Sviatitelia (Three Saints)—This twin screw battleship, 
belonging to the Black Sea Fleet, and described on page 211 of 
Volume VI, completed her official trials in November, 1896. 
She was launched at Nicolaieff in, 1893. 

The length is 357.5 feet; beam, 72.2 feet; draught, 27.5 feet; 
displacement, 12,480 tons. The armament consists of four 12- 
inch guns, in pairs in two turrets; eight 5.9-inch and four 4.7-inch 
rapid fire guns in the casemate ; fifty-six smaller rapid fire and 
machine guns, and six torpedo tubes, two of which are under 
water. There are two military masts. 

The machinery was built by Messrs. Humphreys & Tennant, 
Deptford, the triple expansion engines having cylinders 43, 62 and 
96 inches in diameter, with a stroke of 51 inches. The total 
cooling surface of the two condensers is 18,500 square feet. 

There are fourteen single-ended, three furnace boilers, the total 
grate surface being 1,050 and heating surface, 31,024 square feet; 
and two auxiliary boilers with a total grate surface of 44 and 
a heating surface of 1,084 square feet. The boilers are arranged 
in four compartments, with two smoke pipes for all boilers. The 
tubes are 3 inches, and the furnaces, 50 inches in diameter. The 
propellers are 17 feet in diameter, and the pitch can be varied 
from 22 to 25.5 feet. 
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The engines were designed to develop 8,500 I.H.P. under 
natural draft, and give the vessel a speed of 16 knots. 

The twelve hours’ trial in November, 1896, was made off 
Sebastopol, and was satisfactory. The results,as published, were 
9,500 I.H.P. and a speed of 18 knots, both contract power and 
speed being exceeded. 

Standard.—This imperial yacht, described on page 434 of Vol. 
VII, made her final trial trip in the Kattegat on October 31, 
1896. 

The trial lasted twelve hours, and the machinery worked well, 
without causing any vibrations of the vessel. The mean speed 
was 21.18 knots, obtained by observation of landmarks. This 
speed is 1.18 knots above the contract, and was attained with about 
g2 revolutions per minute. The maximum speed was fully 22 


knots. 
SPAIN. 


Furor and Terror.—These torpedo boat destroyers, the 
launching of which was mentioned on page 856 of Volume VIII, 
have successfully completed their official trials. They were both 
built by Messrs. J. & G. Thomson, Clydebank. 

The length is 220 feet; beam, 22 feet; depth, 13 feet; load 
draught, 5.5 feet; corresponding displacement, 380 tons; con- 
tract speed, forced draft, with a load of 75 tons, 28 knots. This 
speed to be maintained for four runs over the measured mile and 
for two hours after. There are eleven water tight compartments, 
The bunker capacity is 80 tons, giving a steaming radius of 
2,000 nautical miles at 13 knots. 

The following additional particulars are from “ Engineering,” 
London. 

These vessels are fitted with various appliances to render ex- 
istence on board more endurable in a tropical climate. There is 
a sheathing of teak planks over the steel upper deck, complete 
awnings all forward and aft, and an installation of electric venti- 
lating fans throughout the crew’s and officers’ quarters. The 
ships are lighted by electricity throughout. The armament con- 
sists of two 14-pounder quick firing Maxim-Nordenfeldt guns, 
the one mounted forward and the other aft; two 6-pounders of 
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the same pattern on the broadsides ; and two automatic Maxim 
guns on the port and starboard bow. There are also two 14-inch 
deck-pivoted torpedo tubes on the Schwartzkopff system. 

The twin screw engines, in one compartment, are of the ver- 
tical, four cylinder, triple expansion type, designed to develop 
about 6,000 I.H.P. The cylinders, which are independent cast- 
ings, are bolted together, and are stayed transversely between 
each other, and also to gusset plates in the wings, connecting 
the deck beams and the frames. A pair of struts extends from 
each H.P. cylinder to gusset plates between the deck and for- 
ward bulkhead of the engine room, and similar ties secure each 
of the after L.P. cylinders to the hull. The cylinder bottoms 
are separate castings, and they, together with the cylinder covers 
and the top and bottom covers of the valve casings, are of cast 
steel. The pistons are of forged steel, turned all over, and are 
fitted with two Perkins’ metal rings. The piston and connecting 
rods are of wrought steel and are hollow. The crosshead pin is 
fixed into the forks of the connecting rod, and is of steel, case- 
hardened. The piston rod guide and head are forged with the 
rod, and the guide has machined recesses on the ahead side, 
which are filled with white metal. The ahead guide faces are of 
cast iron, with water circulation at the back, and the astern faces, 
of bronze. 

Each bedplate consists of two angle-bar-shaped steel castings, 
which extend the whole length of the engine and rest on longi- 
tudinal frames extending between the engine room bulkheads. 
The main bearing frames extend between, and are checked into 
these castings, being secured to them, as well as to the floors of 
the vessel, by fitted bolts. There are eight main bearings; 
wrought steel columns, braced together near the center, form the 
connection between the cylinders and these frames. 

The crankshafts and pins are hollow and of steel. The H.P. 
and I.P. cranks are opposite each other, and each pair of cranks 
is forged in one piece. Balance weights are fitted on the crank 
webs. The thrust and propeller shafts are hollow and of steel. 
The propellers are solid, three-bladed, and of manganese bronze. 
The condensers are of brass and are placed in the wings. 
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Water flows through the tubes by natural means when the vessel 
is running. Two centrifugal circulating pumps are fitted for use 
when starting or manceuvring. The main air pumps are single- 
acting and are worked by cranks on the forward ends of the 
crank shafts. 

The working platform is at the forward end of each engine. 
There are four boilers of an improved Normand type, placed in 
two water tight compartments. These are fired from two stoke- 
holds, the furnaces of the forward and aft boilers discharging 
into separate funnels, while those of the two middle boilers lead 
upto a common central funnel of larger size. The working pres- 
sure in boilers is 300 pounds, and at the engines, 250 pounds per 
square inch. The tubes are of steel and galvanized. There are 
two single-breasted blowers on the bunker bulkheads in each 
fire room. The closed fire room system of forced draft is used. 

The boiler feed arrangement consists of a main and auxiliary 
system of feed pumps and pipes, which are separate and inde- 
pendent of each other. The main system consists of two Weir’s 
special feed pumps, placed at the forward end of the engine 
room. Each draws from the hotwell tank through a Harris’ 
patent feed water filter, discharging either to the boilers in one 
compartment direct, or through one of two Weir’s feed water 
heaters, situated on the forward engine room bulkhead between 
the pumps. The feed water discharge to each boiler is con- 
trolled by a special automatic feed regulating arrangement. For 
the auxiliary system, a similar feed pump is placed in each boiler 
room, and each pump is connected by separate pipes with the 
reserve fresh water tank, the hotwell tank and the sea, and dis- 
charges direct to the boilers. The pump in the after boiler room 
also discharges to the deck, and serves the purpose of a fire 
pump. 

The main steam pipes are of steel galvanized. An independ- 
ent pipe extends between each boiler room and one set of engines, 
and each pipe is fitted with a stop valve and steam separator on 
the engine room bulkhead. There is also a connecting pipe 
between the main steam pipes, and an equilibrium valve at each 
H.P. cylinder. An auxiliary steam pipe supplies all auxiliary 
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engines, except the main feed pumps, the exhaust being led to 
either of the main condensers. An auxiliary air pump is fitted 
to each circulating pump, and is connected to the bottom of the 
main condensers, discharging into the hotwell tanks. 

There is an evaporator with a capacity of 3,150 gallons of fresh 
water per day, and a distiller with a capacity of 560 gallons of 
potable water per day. 

Besides the forced draft, full power trials, these vessels were 
required to make another two hours’ trial, during which a speed 
of 21.5 knots was to be maintained with an air pressure not ex- 
ceeding # inch. 

After some preliminary trials, the Furor successfully passed 
her official forced draft trial on October 30, 1896. The mean 
speed for four runs over the measured mile was 28.25 knots, 
with the contract load of 75 tons on board. On November 21, 
running with }-inch air pressure, the speed was 21.65 knots. 

The Zerror completed her forced draft trials on November 20, 
having previously obtained about 22.5 knots on the natural draft 
trial. The contract speed of 28 knots was exceeded without dif- 
ficulty. In the teeth of a strong southwesterly breeze the vessel 
behaved admirably, and there was almost a total absence of 
vibration. 

Audaz, Osado, , and .—These four 30-knot 
torpedo boat destroyers are building by Messrs. J. & G. Thom- 
son, and will be similar to but larger and faster than the Furor. 
The “ Revista General de Marina,” Madrid, gives the following 
particulars of these destroyers. 

Length, 225 feet; beam, 22.5 feet; depth, 13.5 feet; load dis- 
placement, about 415 tons; speed, 30 knots; and I.H.P., about 
7,500. The bunker capacity will be about 95 tons, and the cost 
about $463,000 each. 

Torpedo Boat Destroyers.—According to “ Engineering,” 
London, and other papers, Messrs. J. and G. Thomson, Clydebank, 
have received an order from the Spanish Government to build 
sixteen torpedo boat destroyers similar to the Furor and Terror 
described above. 
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SWEDEN. 


Njord and Thor.—The hull of the first of these coast defense 
vessels of the Odin type is building by the Lindholmen’s Fabrik, 
Goteborg, and the machinery by Motala, and the hull and 
machinery of the second, by the Bergsunds Maschinenfabrik, 
Stockholm. These vessels will have a displacement of about 
3,400 tons, and the I.H.P. will be about 3,700. 

The armament of each vessel, according to the “ Mittheilungen 
aus dem Gebiete des Seewesens,” Pola, will consist of two large 
guns, six 5.9-inch and ten 2.24-inch rapid fire guns, four machine 
guns and one under water torpedo tube. The large guns of the 
Thor will be 9.84-inch Canet guns; those of the ord will be built 
at Bofors, Sweden. 


. 
® 
— 
i 


MERCHANT STEAMERS. 


MERCHANT STEAMERS. 


Grand Duchess.—The following additional particulars of this 
Plant Line steamer, described on page 205 of Volume VIII, and 
of her trials, are compiled from the “ Marine Journal” and “Sea- 
board,” New York. 

The registered gross tonnage is 5,017.9 tons. Carrying out an 
idea of Mr. H. B. Plant, the president of the Plant System of Rail- 
roads and Steamships, the greatest beam is 25 feet forward of 
the middle of the length of the vessel. All hull frames and side 
plates are carried up to the promenade deck. While this in- 
creases the cost, it adds 8.5 feet to the freeboard and 20 per cent. 
to the longitudinal strength. On account of the great cost of 
this plan, it has not heretofore been adopted in coastwise steamers. 

There are nine water tight bulkheads, running up to the main 
deck. As an additional factor of strength, the usual shaft tunnels 
have been improved upon; they run from the double bottom to 
the next steel deck above, on both sides, like the truss of a bridge. 
This not only strengthens the ship aft but lessens the vibration. 
The pilot house deck—the deck above the plating of the ship— 
is cut fore and aft of the engines, so as to provide for the expan- 
sion and natural spring of the deck. 

The interior fittings are of the most approved patterns, and 
the general finish, very fine. The upper berths in all state rooms 
turn up, as in Pullman sleeping cars, and are made of solid ma- 
hogany. 

The fire equipment has thirty hose connections, with hose 
attached to each fire plug. There is a pressure of 50 pounds 
per square inch on the pipe system, so that in one minute a 
stream can be turned on from any one plug. The hose is laid in 
a fore-and-aft position so that one man can manage it, besides 
open the valve and get a stream of water at once. The law re- 
quires this ship to have 600 feet of hose, but 1,500 feet have been 
provided. 
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A submerged military rudder of cast steel frame with a single 
steel plate, and the first built for a merchant ship of the United 
States, is fitted, in view of her conversion at any time into an 
auxiliary cruiser. On each end of the rudder quadrant there are 
12.5 inches of solid rubber to take the shock off the rudder. 

All houses on the promenade and pilot house decks are of 
steel, with steel doors, each of which cushions on three seats 
when shut, and steel shutters for each window, the first to be 
applied to a coastwise ship. 

The Grand Duchess is heated throughout by the vacuum system, 
and is the first vessel to adopt this system. All pipes are of brass, 
There is an exhaust system of ventilation, put in by the Sturte- 
vant Co., Boston, Mass. By this system the air can be taken out 
of any room or space on the main deck, and also out of the cargo 
spaces, every two and one-half minutes. The exhaust pipes run 
through each room, the dining saloons, the living quarters for 
the crew, and also through the engine and fire rooms. This 
system in the holds is a great advantage in carrying perishable 
cargo. 

The twin screw, quadruple expansion engines have cylinders 
24, 34, 48 and 68 inches in diameter, the stroke being 42 inches. 
The usual working pressure at the engines is about 225 pounds 
per square inch. The pistons and all the working parts of the 
engines are of open hearth steel. The crank and propeller shafts 
are of steel, hollow, and were made by the Bethlehem Iron Co. 
The propellers are of manganese bronze and work inwards. 

The main steam pipes are of rolled steel with a slip joint de- 
signed and patented by Mr. Sommers N. Smith, the Superintend- 
ent of the Newport’ News Co. In this joint, the center is made 
fast and the pipe from both the boiler and engine slides on that, 
thus bringing no strain on cylinder or boiler. The flanges of 
all steam and feed pipes are recessed one-quarter of an inch and 
then bolted together on a smooth face. 

There are four endless belt conveyers to trim the coal across 
the ship in the bunkers. The coal is hoisted from alongside by 
a double drum hoister, located on each side of the ship; these 
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hoisters being operated by an 8-H.P. electric engine, and geared 
with friction clutch. 

A Baird evaporator and See’s ash ejectors are fitted. All 
engine rods are fitted with Katzenstein’s metallic packing. The 
Babcock & Wilcox boilers were described and illustrated on 
page 702 of Volume VII. The total grate surface of the eight 
boilers is 460 and the heating surface, 20,300 square feet. The 
total weight of the boilers, including fittings, pipes and water, is 
about 263.4 tons. The boilers and bunkers occupy 54 feet of 
the length of the vessel. There is an auxiliary boiler of the 
Babcock & Wilcox type, with grate surface of 36, and a heating 
surface of 1,000 square feet. All of these boilers have been 
built for a working pressure of 250 pounds, but at present only 
225 pounds will be used. All boilers and steam pipes are 
covered with Magnesia Sectional Covering. 

The draft can be forced to the extent of one inch water pressure 
by means of two Sturtevant blowers. These discharge the air 
into ducts running fore and aft in the center of the ship and 
behind the boilers, branch ducts from each supplying air to the 
under side of each grate. That this air may be equally dis- 
tributed, it enters both sides of the ash pit, blast gates being 
provided for its regulation. 

The requirements for the trial trip for acceptance, were to 
make 17 knots an hour in average sea weather with 1,700 tons 
of cargo aboard and 500 tons of coal in bunkers. This speed 
was exceeded by one-half knot. On the first trip from Newport 
News to New York, in November, in the teeth of a 30-mile gale, 
the Grand Duchess steamed steadily at 16.5 knots with ease. 

On the builders’ trial, the average speed maintained for four 
hours was 17.9 knots, the engines making 123 revolutions per 
minute. The draught of the vessel was 16 feet 8 inches forward 
and 18 feet 5 inches aft, there being 1,000 tons of water ballast 
and‘1,250 tons of coal on board. Over the same course on the 
same day, with 115 revolutions per minute, the average speed for 
four hours was 16.12 knots. 

For the earlier service trips, the limit of revolutions was fixed 
at 105 per minute, giving a speed of about 14.5 knots. On the 
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trip up from Savannah and ending in New York on January 2, 
the revolutions were increased to 113 per minute. The distance 
between light ships is about 652 nautical miles, which was made 
at the rate of 15.34 knots. On the last northward trip ending on 
January 30, the run from dock to dock was made at the rate of 
16.2 knots, no allowance being made for loss while steaming at 
half speed for a great part of the distance from Sandy Hook to the 
dock at New York. 

Creole.—This passenger and freight steamer of the Cromwell 
Line, described on page 857 of Volume VIII, has been put into 
service. 

On the trip from the yard of the builders, the Newport News 
Shipbuilding and Dry Dock Co., to New York, the contract 
speed of 14.5 knots was made with 71 revolutions per minute. 

Arcadia and Arabia.—These single screw steamers, built by 
Messrs. Harland & Wolff, Belfast, Ireland, for the Hamburg- 
American Steam Packet Co., have been launched. The Aradia 
was launched on December 21, 1896, and the Arcadia, some- 
time previously. They have a gross tonnage of about 5,450. 
The engines are of the quadruple expansion type. 

Canada.—This twin screw steamer was built by Messrs. Har- 
land & Wolff, Belfast, Ireland, for the Dominion Line for the 
mail service between Liverpool and Halifax, in connection with 
the Canadian Pacific Railroad. 

The length is 500 feet; beam, 58 feet; depth, 31 feet; gross 
registered tonnage, 8,806 tons; average speed to be maintained 
on the round trip, 20 knots. The peculiar under water stern con- 
struction, adopted by the builders for many of their twin screw 
steamers, is used in the Canada. Instead of the usual continuous 
keel, with propellers on either side, the bottom rises from some 
distance forward of the propellers to the rudder post, with a cir- 
cular opening cut out for the propellers. By this arrangement 
the propellers are brought nearer to the center line of the vessel, 
the port propeller being always forward of the starboard one. 
The base of the rudder post is several feet above the plane of the 
bottom extended. 

The twin screw engines are of the vertical triple expansion 
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type, with cylinders 28.5, 47.5 and 77 inches in diameter, the 
stroke being 54 inches. The designed I.H.P. is 7,550. There 
are seven cylindrical boilers. 

A satisfactory trial trip was made on September 26, and the 
vessel started on her first voyage on October 1, 1896. 

Crescent City.—This steel freight steamer, building by the 
Chicago Shipbuilding Co., S. Chicago, Ills., for Mr. A. B. Wolvin 
and others of Duluth, Minn., was launched on February 2. The 
hull will be like the Zenith City, although longer, built by the 
same company and described in detail on page 765 of Volume 
VIL. 

The length over all will be 426 feet, on keel, 406 feet; beam, 
48 feet; and depth, 28 feet. 

A quadruple expansion engine, built by the same company, 
will be fitted, the first large lake steamer to be fitted with this 
type. The cylinders will be 19, 28, 41 and 60 inches in diameter, 
the stroke being 42 inches. Babcock & Wilcox water tube boilers 
will be installed, the working pressure to be 250 pounds per 
square inch. 

This steamer is to be completed about July 15. The cost is 
given as $250,000. 

Empire City.—This freight steamer, building by the Cleve- 
land Ship Building Co., Cleveland, Ohio, for Mr. A. B. Wolvin, 
will be generally like the Cvrescent City described above. No 
particulars are given, except that a quadruple expansion engine 
and Babcock and Wilcox boilers will be installed. 

Ohio.—This steamer of the Wilson Line, fitted with Belleville 
boilers, has been very prominent in the various discussions on 
“Water Tube Boilers.” Some data of the engines and boilers 
were given on page 619 of Volume VII. The following ad- 
ditional information is from “ Engineering,” London, and from a 
letter sent to that paper by Mr. A. E. Seaton of Earle’s Ship- 
building and Engineering Co., Hull. 

The four Belleville boilers are arranged with athwartship fire- 
rooms. There are eight tube sections in each boiler, the length 
of each section being 7 feet 6.5 inches. There are twenty 4.5- 
inch tubes in each section, the tubes being arranged in pairs. The 
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total grate surface is 192, and the heating surface, 6,013 square 
feet. The working pressure in boilers is 250, and at the engines, 
200 pounds per square inch. The I.H.P. of the quadruple 
expansion engines is given as 1,500. 

Mr. Seaton, in reply to a statement that the machinery was 
not specially arranged for the Belleville boilers, says: “ The en- 
gines of the Ofio, which are of the four crank quadruple type, 
were made specially for a working pressure of 200 pounds per 
square inch and to work with the Belleville boilers. Asa matter 
of fact, the engines appear to have been admirably suited for the 
Belleville boilers in question, for from the day they were started 
up to the present time they have worked without a hitch, and, 
fortunately for the engineers, they can be left to take care of 
themselves, as has not unfrequently been done, owing to the 
engineers’ services being required elsewhere. From a set of 
diagrams, taken at sea under ordinary conditions, the water con- 
sumption is shown to be 12.3 pounds per I.H.P. per hour. I 
regret to say, however, that the consumption of fuel is not so 
satisfactory, perhaps in consequence of its being coal from the 
South Yorkshire collieries, for the efficient burning of which I 
do not consider the Belleville arrangement suitable.” 

Cambrian.—This steel steamer, built by Messrs. Wm. Gray & 
Co., West Hartlepool, for the Wilson-Furness-Leyland Line, to 
trade between London and New York, was launched on October 
9, 1896. The following description is from “ The Marine En- 
gineer,” London. 

Length over all, 464 feet; beam, 49 feet; depth, 34 feet; meas- 
ured capacity, 10,090 tons. The vessel has seven water tight 
bulkheads, and the double bottom extends the whole length of 
the vessel. Including the after peak, the double bottom has a 
capacity of over 1,200 tons of water ballast. There are four 
masts fitted with fore-and-aft sails. There are seven cargo 
hatches and nine steam winches, with extra whipping drums, 
for the handling of cargo. Movable stalls are fitted for about 
700 head of cattle. ; 

The single screw, triple expansion engine, built by the Central 
Marine Engine Works, is the largest built in the Hartlepools. 
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The designed I.H.P. is about 4,000, and the expected speed of 
the vessel, 14 knots.. The cylinders are 32, 54 and 86 inches in 
diameter, the stroke being 54 inches. As the vessel is to be 
continuously engaged in the North Atlantic service, all parts of 
the engines, especially the bed plates, engine frames and con- 
densers, have been made very heavy. The bed plate is of box sec- 
tion and weighs 31 tons. The condenser runs the whole length of 
the engine, and is bolted to the bed plate. There is a horizontal 
joint at about the middle of its height. The cylinders are sup- 
ported in front by two large cast iron columns of box section with 
a wrought iron column between them. The pistons are made 
exceptionally deep and are fitted with Mudd’s packing rings. 
The connecting rods are 10.5 feet long between centers and have 
large bearings. The air pump is worked from the main engine. 
The centrifugal circulating pump is driven by an engine on each 
side of it. There are two Weir feed pumps, a Mudd evaporator, 
and other auxiliaries. 

The body of the crank shaft is of ingot steel, and the whole 
weighs 20 tons. There are six large main bearings lined with 
white metal. The thrust shaft is also of ingot steel, with an 
unusually large collar surface. The propeller has four bronze 
blades. 

There are three cylindrical boilers, the working pressure being 
185 pounds per square inch. Howden’s forced draft system is 
used, 


.—This passenger and freight steamer is building 
by the Delaware River Iron Ship Building and Engine Co., Ches- 
ter, Pa., for the Old Dominion Line. 

The length will be about 320 feet; beam, 42 feet; and depth 
of hold, 28 feet. The vessel is to be delivered by August 1, 
1897, with a bonus of $100 for every day before, and an equal 
penalty for every day after that date. 

The single engine will be of the triple expansion type with 
cylinders 30, 48 and 75 inches in diameter, the stroke being 56 
inches. There will be four boilers. 

The cost of the vessel is estimated at about $350,000. 
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Bremen and Friedrich der Grosse.—These large freight 
steamers for the North German Lloyd Steamship Company were 
described on page 861 of Volume VIII. The displacement of 
the Bremen is given as 18,000 tons on a draught of 28 feet. 

The Friedrich der Grosse made her trial during the last week 
in November, 1896, the maximum I.H.P. being about 7,100, and 
the mean speed, 16 knots. 

Kaiser Wilhelm der Grosse.—The Journat has been in- 
formed that the statement made on page 861 of Volume VIII, that 
the feed, fire, bilge and water service pumps of this steamer are 
of the Blake vertical type, should have been “auxiliary feed 
pumps, &c.” The main feed pumps are of the Weir type, supplied 
by Messrs. G. & J. Weir, Glasgow. The Blake Company fur- 
nished nine pumps besides the two main air pumps, and including 
the pumps for the ash ejectors. 

Leinster and Munster.—These twin screw, steel steamers, 
built by Messrs. Laird Bros., Birkenhead, for the City of Dublin 
Steam Packet Co., were successfully put into the water on Sep- 
tember 12 and October 21, 1896, respectively. The Munster was 
floated out of dock. These vessels are sisters of the U/ser, fully 
described on page 657 of Volume VIII. Their designed speed 
is 23 knots. 

India.—The principal data of this single screw passenger 
steamer of the Peninsular and Oriental Co. were given on page 
421 of Volume VIII. The following additional particulars are 
from “ The Engineer,” London. 

The vessel is built of steel and classed at Lloyd’s as 100 AT. 
There are five principal decks, of which the upper, main and lower 
decks extend from stem to stern. The upper deck beams are 
Butterly bulbs, 10 inches deep, while those of the lower and 
orlop decks, of the same kind, are 12 inches deep. The double 
bottom extends the whole length of the vessel, and is 50 inches 
deep along the keel line. There are eleven athwartship bulk- 
heads, of which nine are solid to the upper deck, the other two 
having water tight doors. All bulkheads have been built to meet 
the Admiralty requirements for auxiliary cruisers. 

There are accommodations for 320 first and 160 second class 
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passengers, besides the ship’s complement, which consists of from 
450 to 500 officers and men. 

Except in the engine room, where three upcast and one down- 
cast ventilators are fitted with Schiele fans, no mechanical means 
have been adopted for ventilation. But every possible method of 
securing ventilation by natural means has been adopted,—large 
air ports, deck skylights and ventilators, and wide, unbroken, 
fore-and-aft passages. 

The triple expansion, four crank engine, designed to dition 
nearly 10,000 I.H.P., has cylinders 42.5, 68 and (2) 74.5 inches 
in diameter, the stroke being 72 inches. The crank shaft is 
made in interchangeable parts, and is, like the rest of the shafting, 
of Vickers steel. The thrust blocks are of the solid ring pattern. 
The propeller is four-bladed, and of manganese bronze. 

There are three double and three single-ended steel boilers, 
all 14 feet 10 inches in diameter. The working pressure is 170 
pounds per square inch. The double-ended boilers have six, 
and the single-ended, three 42-inch furnaces each. There are 
two smoke pipes. Howden’s forced draft system is used, three 
8-foot Chandler fans, each worked by a compound, single crank, 
single-acting engine, supplying the air. The fans can deliver 
about 50,000 cubic feet of air each, with about 250 revolutions 
per minute. 

There are two athwartship bunkers, and side bunkers along 
the length of the machinery compartments above the lower deck. 
In addition, there is a large reserve hold forward of the forward 
bunker, which can be used for coal or cargo. 

A Weir’s direct contact feed water heater is fitted. There are 
two Weir feed pumps, each with a cylinder 12.25 inches in 
diameter and a stroke of 26 inches; each of these pumps is cap- 
able of feeding the boilers at full power. A Weir’s evaporator, 
using steam from the I.P. receiver, and with a capacity of 30 tons 
of fresh water per day, is installed. For potable water, one of 
Caird & Raynor’s distillers is fitted. 

The electric lighting is on the single wire system, the return 
circuit being through the hull. There are about 780 16-candle 
power lamps and a search light. There are three sets of Tangye, 
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vertical, 40-H.P. engines, with cylinders 8 and 16 inches in diam- 
eter, and a stroke of 10 inches. Each engine is direct-coupled to 
a Siemens H.B. $3 dynamo, capable of supplying 220 amperes at 
105 volts, with 190 revolutions per minute of the engine. 

The anchor hoist is worked by steam. The eight hoisting 
cranes, with lifting powers ranging from 20 to 30 hundred- 
weight, the winches, and two warping capstans, are worked by 
direct-acting hydraulic engines. A direct-acting, vertical, com- 
pound steam pump in the engine room supplies the pressure. 
The accumulator consists of a series of steel pipes, about 13 inches 
in diameter and 13 feet long, containing compressed air. The 
air compressor is small, and the engine has its own surface con- 
denser. 

The refrigerating machinery, in the after end of the engine room, 
consists of a compound duplex machine, made by the Haslam 
Foundry and Engineering Co., Derby, capable of discharging 
80,000 cubic feet of air at a temperature ranging from 50 to 80 
degrees Fahrenheit below zero. Although a duplex machine, 
either side can be worked separately. There are two steam 
cylinders, two air compressors, two expansion cylinders and two 
water pumps. The steam cylinders are compound, the working 
pressure being 160 pounds per square inch. A surface condenser 
is contained in the bed plate of the machine, and air, circulating 
and feed pumps are secured to the bed plate. Besides these, 
there is a water tower, for washing the air with a spray of water, 
coupled to a set of patent copper drying pipes. 

Satisfactory trials of the /zdia were made in the Firth of Clyde. 
On her first voyage, a speed of 18.33 knots was maintained fora 
considerable time. 

Milwaukee.—This large, single screw, cargo steamer, built 
by Messrs. C.S. Swan & Hunter, Wallsend-on-Tyne, for Messrs. 
Elder, Dempster & Co., for the cargo and cattle trade from 
America to European ports, was successfully launched on No- 
vember 7, 1896. 

The length over all is 484 feet, between perpendiculars, 470 
feet; beam, 56 feet; depth, moulded, to the awning deck, 42.25 
feet. The dead weight cargo will be 11,500 tons, and the meas- 
urement cargo, over 18,000 tons, in addition to about 700 tons 
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of permanent bunker capacity. She is built to the highest class 
at Lloyd’s on their three-deck rules, with scantlings in many in- 
stances considerably above the rule requirements, so as to stand 
heavy Atlantic weather. The upper deck is completely flush 
with the exception of steel houses midships, in which the officers 
will be accommodated, and a steel steering house aft. The crew 
will be berthed forward in the topgallant forecastle. As cattle 
will be carried, there is fitted between decks a complete outfit of 
cattle stalls, water service, etc. For rapidly handling the enor- 
mous cargoes, a large number of hatches, with 12 powerful steam 
winches and side derricks, with ample and powerful gear, are 
supplied. 

The triple expansion engine, built by the North Eastern Marine 
Engineering Company, Wallsend, has cylinders 28, 46 and 75 
inches in diameter by 54 inches stroke. Threelargeboilerssupply ~ 
steam at 180 pounds pressure, and are fitted with Howden’s sys- 
tem of forced draft. The propeller blades are of manganese bronze. 
Davis & Co.’s steam steering gear and See’s ash ejectors are fitted. 

On January 16, the trial trip was made, the vessel being light 
and having on board about 1,800 tons of coal and 2,500 tons of 
water ballast. The I.H.P. was about 3,500 and the speed, 12 
knots. 

Avondale Castle and Tintagel Castle.—These steel steamers, 
built by the Fairfield Shipbuilding and Engineering Co., Govan, 
for the Castle Mail Packet Company, are practically sister ships. 
The Zintagel Castle was launched September 12, 1896, and had 
her trials on November 17. The other vessel was launched on 
November 5. The following description of one of these vessels 
is from “ Engineering,” London. 

The length is 440 feet; beam, 50 feet; depth, 33 feet; gross 
tonnage, about 5,600 tons. The vessel is divided into numerous 
water tight compartments, and there is a double bottom running 
the whole length, which again is subdivided into various com- 
partments for carrying water ballast. The cargo holds are five 
in number, and have capacity for about 6,000 tons of cargo, and 
each hold has a separate hatch and double steam winches for 
quick despatch in loading and discharging. The main hatch is 
specially constructed to take in boilers and mining machinery of 
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the largest dimensions, for lifting which a steel spar is provided, 
with adequate gins and steel wire gear. Four steel masts support 
the cargo gear, and provide for an ample spread of canvas. Steel 
yards and square sails are carried on the foremast. 

The passenger accommodation, including about 170 first and 
second class berths, is placed amidships, with dining saloons, 
drawing and smoking rooms, for each class. The engines are of 
the three cylinder triple expansion type, working at a high pres- 
sure, steam being supplied by four tubular steel boilers. The 
shafting is of forged ingot steel, and the propeller of bronze. 
The power developed will insure a regular speed to South Africa 
of about 13 knots. 

On the trials, the vessels being in a light condition, a speed of 
14-75 knots was easily maintained by the Zintagel Castle and 
about 15 knots by the Avondale Castle. 

Dunolly Castle.—This steel steamer, built by Messrs. Barclay, 
Curle & Co., Clydeholm, Whiteinch, for the Castle Mail Packet 
Co., was successfully launched on November 4, 1896. 

The length is 382 feet ; beam, 46.25 feet ; depth, 30 feet; gross 
tonnage, about 4,150 tons. Saloon and state room accommoda- 
tion is provided under the bridge deck for thirty first class pas- 
sengers, and many emigrants may be carried, while at the same 
time extensive room is left for cargo. 

The machinery was built at the Finniston shops of the above 
firm. The triple expansion engines have cylinders 26.5, 44 and 
70 inches in diameter, the stroke being 48 inches. There are 
three single-ended boilers, the working pressure being 180 pounds 
per square inch. i 

At the luncheon which followed the launch, Sir John Muir 
stated that if the order for this vessel had been placed now instead 
of a year ago, the price would have been about $250,000 greater. 

On January 19, a speed of 13.5 knots was attained on the offi- 
cial trial. 

Kanagawa Maru, Kamakura Maru and Hakata Maru.— 
These steel, twin screw steamers, the first of ten building in 
Great Britain for the Nippon Yusen Kaisha, were successfully 
launched on October 22, December g and 21, 1896, respectively. 
The hulls are practically the same, and the machinery, identical. 
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The Kanagawa and Hakata were built by Messrs. D. and W. 
Henderson & Co., Glasgow, and the Kamakura, by Messrs. 
Workman, Clark & Co., Belfast. The following description of 
the Kanagawa is from the “ Engineers’ Gazette,” London. 

The length over all is 463 feet; beam moulded, 49 feet 2 
inches; depth moulded, 33 feet 6 inches; and gross tonnage, 
5,824. Being intended for passengers as well as cargo, the 
vessel has fairly fine ends, which will ensure her being a com- 
fortable sea boat, and at the same time carry a large deadweight, 
and attain an average sea speed of fully 12 knots. There are 
nine watertight bulkheads, and a complete double bottom fore 
and aft, also well subdivided; in addition, there is a deep hold 
tank abaft the engine space extending to the height of the orlop 
deck, which can be utilized for cargo or water ballast. The 
main and upper decks are of steel, the upper deck being sheathed 
with teak. The steam steering gear is of Caldwell and Co.’s 
make. The machinery will be supplied by the builders’ firm, 
and consists of two sets of triple expansion engines, each having 
cylinders 20, 334 and 56 inches in diameter by 48 inches stroke. 
Steam is supplied by two large double-ended and two single- 
ended boilers, constructed for a working pressure of 200 pounds 
per square inch. The propellers are of manganese bronze. 
Among the auxiliary gear there are Weir’s feed heater pumps 
and evaporator and Murdoch’s governor. 

@n December 10, 11 and 12, a series of successful trial trips. 
were made; a mean speed of over 14 knots was easily attained. 

Princess Clementine.—This steel, paddle wheel, channel 
steamer, built by the Cockerill Co., Hoboken, near Antwerp, for 
the Belgian Government for the Dover-Ostend route, was suc- 
cessfully launched in November, 1896. This vessel completes 
the fleet of nine modern fast steamers for this service. 

The length over all is 351 feet, on water line, 339.5 feet ; beam,. 
inside of paddle boxes, 37 feet 10 inches, over paddle boxes, 77 feet 
7 inches; depth of hold, 15 feet * depth, from keel to upper deck, 
23 feet 2inches. There are three decks, and the internal fittings 
are very fine. The compound engines are designed to develop 
8,500 I.H.P. and give the vessel a speed of 22.5 knots. There 
will be eight cylindrical boilers, fitted with Serve tubes. 
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Marietta.—This steel steam yacht is building by the John N. 
Robins Co. at the Erie ‘Basin Dry Docks, Brooklyn, N. Y., for 
Mr. Harrison B. Moore of the same city. The vessel is to be 
finished by June 1. The following information has been kindly 
supplied by the builders of the hull and by The Roberts Safety 
Water Tube Boiler Co., the builders of the boilers. 

The vessel was designed by Mr. Henry J. Gielow, and will be 
built of open hearth steel, the latter to have a tensile strength of 
from 55,000 to 60,000 pounds per square inch, and an elongation 
of not less than 25 per cent. in eight inches. The hull will be 
divided by two main bulkheads, besides the collision bulkhead 
forward, and will have very sharp lines. The length over all 
will be 172.5 feet, and on the water line, 140 feet; beam, moulded, 
18 feet; depth, amidships, 10 feet; displacement, 125 tons at a 
draught of 5 feet 7.5 inches. There will be one short deck 
house forward, two hollow masts for steadying sails and one 
smoke pipe. 

The engine is of the four cylinder, triple expansion type and 
is building by Mr. J. W. Sullivan, New York. The cylinders 
will be 14, 21.5 and (2) 25 inches in diameter and the stroke, 18 
inches. The designed I.H.P. is 1,000 at 300 revolutions per 
minute, and a working pressure in the boilers of 250 pounds per 
squareinch. The engine will be forward of the boilers, the shaft — 
running between the boilers. 

There will be two Roberts water tube boilers, placed side by 
side. Each boiler will be approximately 6 feet 3 inches wide, 
9 feet 9 inches long and 6 feet 8 inches high, exclusive of the 
depth of the ash pan. The latter will probably be built to 
fit the frames of the vessel. The total grate surface will be 80, 
and the heating surface, about 2,700 square feet. The estimated 
weight of the two boilers will be about 26,000 pounds. Forced 
draft on the closed fire room system will be used. 
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Hiawatha.—This steel yacht is building by the consolidated 

firms of the Gas Engine and Power Co. and Messrs. C. L. Sea- 
bury & Co., at Morris Heights, New York City, for Mr. Chas, 
Fleischmann, who found that the old Hiawatha built last year, 
and described on page 214 of Volume VIII, was too small. 

The following particulars have been kindly supplied by the 
builders, to whom the JouRNAL is also indebted for the cut of the 
engine. 

The length of the new Hiawatha will be 170 feet over all and 
136 feet on water line; beam, 21 feet; and draught, 8 feet. The 
hull will be of steel, the decks of white pine, and the bulwarks 
capped with polished teak. The yacht will be schooner rigged, 
and have one smoke pipe. 

There will be two deck houses,a large one forward, and a 
smaller one, aft. The forward deck house will be finished in 
mahogany inside and outside, and fitted with a buffet and large 
dining table, butler’s pantry, and dumb waiter leading to the galley 
below. There will be one state room in the after part of this house. 
The after deck house will also be finished in mahogany, and fitted 
asalounging room. A companionway on the starboard leads to 
the saloon and rooms below. On the lower deck forward will be 
the chain locker, windlass, and the officer’s and crew's quarters, 
the latter to be finished in butternut. There will be berths for 
twelve men, and state rooms for the captain, engineer, mate and 
steward. Opposite the latter will be the officers’ mess room. 
Abaft of this will be the galley, fitted with a large range and all 
modern conveniences. Still further aft, and immediately forward 
of the machinery space, will be two large state rooms for guests, 
reached by a companionway from the main deck. These will be 
finished in white and gold, like the other state rooms, and be 
fitted with brass bedsteads, dressing cases and toilet conveniences. 

Abaft of these rooms will be a large bunker, the athwartship 
fire room, two boilers, and then the engine room. Two large 
state rooms for the owner’s use come next, fitted with beds, 
clothes’ lockers, wardrobe, bath, etc. Abaft of these will be 
two more state rooms, separated by a passage which leads to 
the main saloon aft. This room will be finished in polished 
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mahogany, and have a large circular center table, writing 
desk and piano. The companionway to the after deck house 
will lead out of this on the starboard side aft, and a passageway 
on the port side, to one single and one double state room. On 
the starboard side, next to the companionway, will be a linen 
closet and toilet. 


The engine will be of the triple expansion type, to be built by 
Messrs. C. L. Seabury & Co., and is expected to develop about 
1,000 I.H.P., giving the yacht a guaranteed speed of 18 miles per 
hour, or about 15.5-knots. The cylinders will be 13.5, 21 and 34 
inches in diameter, the stroke being 21 inches. 
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There will be two Seabury water tube boilers of the latest 
design, each to have 50 square feet of grate surface, and 1,874 
square feet of heating surface. The working pressure will be 
260 pounds per square inch. 

The yacht will be heated by steam and lighted by electricity. 
She will be fitted with a steam capstan, and carry one 25-foot 
naphtha launch, one 20-foot gig, a 16-foot cutter, all mahogany- 
finished, and a 12-foot dinghy, oak-finished. 

Varuna.—This steel, twin screw yacht was built by Messrs. 
A. & J. Inglis, Pointhouse, Scotland, for Mr. Eugene Higgins 
of New York, from designs by Mr. G. L. Watson. The gross 
tonnage is about 1,500 tons, and the designed speed, 16.5 knots. 
The launch took place on July 14, and the trials, in Novem- 
ber, 1896. The length over all is 310 feet, and on the water 
line, 260 feet ; beam, molded, 35 feet 2 inches ; depth, 18 feet 4 
inches. 

The engines are of the four cylinder, triple expansion type, 
with cylinders 22.5, 38 and (2) 40 inches in diameter, the stroke 
being 27 inches. The number of revolutions with the boiler 
working pressure is 165 per minute. There are two single-ended 
boilers, each 17.5 feet in diameter, and about 12 feet long, with 
four very large corrugated furnaces in .each. The working 
pressure is 160 pounds per square inch. The shell plates are 
1§ inches thick. 

Progressive trials were satisfactory, the speed, with natural 
draft, being 14.5 knots. On November 12, the full power trial 
was made in the Firth of Clyde. Two runs each way were made 
between the Cloch and the Cumbrae, the mean speed being be- 
tween 16.75 and 17 knots. A 24-hours’ coal consumption trial 
was made on the next day, but no results have been published. 
A few days later the yacht left for New York where she arrived 
safely. 

Mayflower.— This steel, twin screw yacht was built by Messrs. 
J. & G. Thomson, Clydebank, for Mr. Ogden Goelet, from de- 
signs by Mr. G. L. Watson. She is larger and has more boiler 
power than the Varuna, described above, but the engines are of 
the same size. She was launched on November 7, 1896. 
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The length over all is 320 feet, and on the water line, 275 feet ; 
beam, moulded, 36.5 feet; depth, 21 feet; mean draught, about 16.5 
feet ; and gross tonnage, 1,800. The rig is that of a two-masted 
schooner. The engines are of the four cylinder, triple expan- 
sion type with cylinders 22.5, 38 and (2) 40 inches in diameter, 
the stroke being 27 inches. There are two double-ended, cylin- 
drical boilers which may be worked under forced draft. 

The electric light plant consists of duplicate sets of dynamos 

and a battery of accumulators. Two search lights and refriger- 
ating machinery are provided. The complement consists of 
about 80 men. 
.—This steel yacht is building by the Harlan & Hol- 
lingsworth Co., Wilmington, Del., for Mr. G. W. Childs Drexel 
of Philadelphia. The designs are by Mr. A. S. Chesebrough, 
Boston. 

The length on the water line will be 150 feet 8 inches, and on 
deck, 170 feet 8 inches; beam, 24 feet; and draught, 14.75 feet. 

The triple expansion engine will have cylinders 14, 22 and 36 
inches in d.ameter, the stroke being 22 inches. The propeller 
will be of, manganese bronze. A search light will be provided. 

Ma a 11.—The following additional particulars of the ma- 
chinery of this British-built yacht, described on pages 660 and 
873 of Vol. VIII, are from the * Marine Review,” Cleveland. 

The twin screw, quadruple expansion engines have cylinders 
15.5, 22, 31 and 44 inches in diameter, the stroke being 27 
inches. The bunker capacity is 380 tons, sufficient for 15 days 
at a speed of 12 knots. All the auxiliary machinery is run by 
steam. 

Christine.—This yacht, built by Messrs. D. J. Dunlop & Co., 
Port Glasgow, for Sir Wm. Scott, was launched on December 
30, 1896, and made her official trial on January 13. The follow- 
ing particulars are from “ Engineering,” London. 

Length over all, 150.5 feet, and between perpendiculars, 130 
feet; beam, 20 feet; depth moulded, 12.5 feet; net tonnage, 
107.44, and gross tonnage, 195.59. Tonnage by Thames yacht 
measurement, 245 tons. 

The triple expansion engine has cylinders 11, 18 and 28 inches 


| 
= 
| 
| 
| 
| 
| 
q 
| 


212 YACHTS. 


in diameter, the stroke being 24 inches. There is one single- 
ended boiler, the working pressure being 160 pounds per square 
inch. 

The trial was satisfactorily made on January 13, the means of 
two runs over the Skelmorlie mile giving a speed of 11.4 knots. 

Eugenie.—This single screw yacht, built by Messrs. Haw- 
thorne & Co., Leith, Scotland, for Mr. J. G. Cassatt of Philadel- 
phia, was launched on November 5, 1896. The gross tonnage 
is 157:tons. The triple expansion has cylinders 11.25, 18 and 
30 inches in diameter. The working pressure will be 160 pounds 
per square inch. 

Ivy.—The part to be played in the Benin Punitive Expedition 
by this steam yacht suggests a brief description, taken from 
“Engineering,” London. She was built by the Earle Company 
at Hull, and handed over to the Protectorate in less than a year 
from the time of commencement. Her ordinary speed of 10 
knots can be increased to 13 knots; she is very roomy, an excel- 
lent sea boat, with plenty of accommodation for her officers and 
crew, besides 10 spare cabins and a large troop deck for the 
transport of military; she can carry about 500 native soldiers. 
Her dimensions are: Length over all, 237 feet, and 204 feet be- 
tween perpendiculars; breadth, 34 feet; and depth, 16.5 feet. 
She is constructed on the composite principle. The deck house 
is 130 feet in length and 20 feet in breadth, built of teak, as are 
also all the cabin fittings and furniture. The yacht is specially 
ventilated. She carries a 7-pounder forward and two machine 
guns aft. The machinery consists of two sets of triple expansion 
engines of 1,150 I.H.P., which drive a pair of bronze propellers, 
and steam is supplied from two large steel multitubular boilers 
working at 150 pounds pressure. Her draught of Io feet 3 inches 
enables her to get further up the Niger than any of H.M. ships 
on the station. 
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Tue SreaM Navy oF THE UNITED States.—It has been re- 
served for an officer of the,Naval Engineer Corps, Passed Assistant 
Engineer Frank M. Bennett, U. S. N., to produce a new form of 
naval history, differing from all its predecessors in that it acknow- 
ledges the presence of steam machinery on board ship and deals 
with the tremendous influence steam has exerted upon naval 
events during the last half century. His book, published by 
Warren & Co., Pittsburg, Pa., is an octavo of over goo pages, 
with many fine illustrations, and is what it purports to be, “A 
history of the growth of the steam vessel of war in the U. S. 
Navy, and of the Naval Engineer Corps.” 

It will surprise most well-informed people to learn from this 
volume that a steam war vessel was built in this country during 
the war of 1812, and that the vessel was a formidable one. This 
craft was designed and built under Government patronage by 
Robert Fulton, and was named by him Demologos, but was 
entered on the navy list as Fulton. Her length was 156 feet; 
breadth, 56 feet, and displacement about 2,500 tons. The 
motive power was a single large engine and boiler driving a 
paddle wheel located about the middle of the vessel, which had 
practically two hulls to accommodate this arrangement. Twenty 
heavy guns were mounted on the upper deck. The war with 
Great Britain having ended before this pioneer war steamer was 
completed, the opportunity of testing her in battle failed. 
During the summer of 1815 she had some entirely successful 
steam trials, and was then laid up at the Brooklyn Navy Yard as 
a receiving ship. In 1829 her magazine blew up, killing and 
wounding a great number of people, and completely destroying 
the vessel. This Fu/ton is famous as the first war steamer ever 
built, her construction antedating by many years the application 
of steam to naval purposes in any other country. 
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In 1835, the Secretary of the Navy discovered that Congress 
in 1816 had authorized the building of a war steamer, and he 
ordered the board of navy commissioners forthwith to prepare 
plans and proceed with its construction. This ship was named 
Fulton, in honor of the great engineer, and is known in naval 
records as “ Fulton the Second.’ She was built at the New 
York Navy Yard and completed in 1837; was 180 feet long, 35 
feet beam, of about 1,200 tons displacement, and steamed at the 
rate of 12 knots. The side wheels were worked by two hori- 
' zontal condensing engines of 625 horse power. The cost was 
about $300,000, or almost exactly the original cost of the frigate 
Constitution. Wer captain, Mathew C. Perry, reported that she 
was “more useful than any number of armed ships not propelled 
by steam.” Our author praises him highly as the father of the 
steam navy, and the title seems deserved from the account of 
his great interest in marine engines and engineers. 

The development of steam for commercial purposes at sea was 
going forward rapidly and foreign nations were applying it to 
their war vessels; so, when the “ Fulton the Second” proved so 
successful, there was a public demand for more war steamers. 
This was not without opposition ; although the military supe- 
riority of a self-moved battery over one dependent upon the 
whims of the wind is obvious. 

In 1839, work was begun on the side wheel steamers, the 
Mississippi and Missouri, and completed in 1842. They were 
large for the time, 229 feet long, 40 feet beam, and of 3,220 tons 
displacement. The former had side lever, and the latter, direct- 
acting engines, and both had copper boilers of the return ascend- 
ing flue variety. In 1843 the Missouri was burned to the water’s 
edge in the harbor of Gibraltar. The Mississippi had a long and 
famous career and participated in many historical events. 

Contemporary with these two ships was the side wheel gun- 
boat Michigan, still in service. Built of iron at Pittsburg in 1842, 
the hull plates, machinery, etc., were carried overland and as- 
sembled at Erie, where the completed ship was launched in 1843. 
She was the first iron vessel in the Navy, and was the first iron 
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steamer afloat on the great Lakes. Her original engines are still 
in use, though the boilers have been renewed. 

At this same period, we had some novel experiments with sub- 
merged propulsioninthe Navy. A navallieutenant named Hunter 
conceived the idea of turning side wheels half way over so they 
would be horizontal and below the surface of the water. The 
object to be gained was desirable, for the usual form of side wheel 
was exposed to shot and filled in considerable space that might 
be used for broadside guns. Three vessels were built on his 
plans, but all were failures. 

At the same time John Ericsson was engaged on the Prince- 
ion, the first screw-propelled war vessel ever built. So important 
is this event, that Mr. Bennett gives a whole chapter to this ves- 
sel. It was upon the Princeton that the explosion of the great 
gun occurred, by which the Secretary of the Navy, Secretary of 
State and several other distinguished guests were killed. 

The superiority of steam over sails was so well proved during 
the War with Mexico that serious efforts were made to build a 
fleet of war steamers. The first fruits were the side wheel 
steamers Powhatan and Susguehanna—larger and improved 
models of the Mississippi—and the ill-fated San Jacinto, a screw 
propeller. Then came (in 1855) those grand steam frigates like 
the Merrimac and Wabash and the big steam sloop of war Miag- 
ara, which laid the first Atlantic cable. Two years later the 
Hartford class of steam sloops was added, and closely following 
came the four of the Dacotah class and the three of the Narra- 
gansett class. All this building progressed during the fifties, 
and by the time the great civil war burst upon us, the American - 
navy had a respectable fleet of war steamers. They are de- 
scribed in detail with many illustrations and the text is fasci- 
nating. 

The engineer to the board of navy commissioners while the 
second Fulton was building was Mr. Chas. H. Haswell of New 
York. He-soon after received the appointment of chief engineer 
of the Fulton, and in 1844 became engineer-in-chief of the Navy. 
When appointed to the Fu/ton, he was the first, and for a time, 
the only engineer in the Navy. As Mr. Haswell is yet living, it 
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has been his rare privilege to see and take part in the develop- 
ment of steam navigation from its early rude examples to the 
present perfected form. 

An interesting chapter is devoted to a historical review of the 
changes in the appointment and training of the officers of the 
Engineer Corps. 

Sixteen chapters are devoted to naval operations and to the 
remarkable development of war ship construction during the 
civil war. Particular attention is given to the monitors and other 
armored vessels and to the swift cruisers brought into existence 
by war requirements. The responsibility of engineer officers in 
that war is fully shown, and their share of duty is attested by the 
long list of killed and wounded. 

Perhaps the most absorbing chapter is one devoted to arctic 
exploration, in which the voyages of the Polaris, Jeannette and 
Rodgers are told again, and the wonderful story of the heroism 
and fortitude of Chief Engineer Geo. W. Melville appears in 
fresh form. An account is also given of the Greely Relief Ex- 
pedition. One chapter of general interest treats of the impetus 
given to technical education by the detail of naval engineers as 
instructors in scientific colleges. The change in public opinion 
that led to the regeneration of our Navy and the constructive 
progress of the new fleet are exceedingly well and clearly 
described in the concluding chapters. 

By collecting all this valuable historical matter and arranging 
it in orderly and interesting form, Mr. Bennett has reflected 
great credit upon himself as a student and has given a work of 
immense value to the Naval service, to historians, and to the 
general reading public. His work is of engrossing interest now, 
and in the future will be quoted as an authority upon what will 
be considered the most interesting and important transformation 
our Navy has experienced; for, as he truly says in his conclu- 
sion, “engineers, whether by that name or some other, but en- 
gineers nevertheless, will hold in their hands the fate of the 
coming years.” 
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WILLIAM SCHARF SMITH. 


Chief Engineer W. S. Smith was born in Baltimore, Md., April 


23, 1836. He entered the Navy as a Third Assistant Engineer,. 


February 21, 1861; was promoted to Second Assistant Engineer, 


January 16, 1863; to First Assistant Engineer, December 1, 1864 ;. 


and was commissioned a Chief Engineer on October 20, 1875. 
Of his whole naval service of about thirty-six years, seventeen: 
years were sea service and thirteen years, shore duty. 
His first sea duty was on the Co/orado on the North Atlantic 


Station, and his last, on the Lancaster, June, 1894. Among the 


other vessels to which Mr. Smith was attached may be mentioned 
the ipsic on the Darien expedition, 1869-1870. 

He was on special duty in connection with the building of the 
New Ironsides, 1862-1863, and with the new crusiers building at 
the Union Iron Works. 

He attained the relative rank of Commander on August 10, 
1893, and was twice a member of the Board of Examining En- 
gineers at Philadelphia, being on the latter duty at the time of 
his death. 

Mr. Smith died in Philadelphia on February 7, 1897. 
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The annual meeting of the Society was held on January 9g, 1897, 
in the office of the Engineer-in-Chief of the Navy. 

Chief Engineer A. B. Canaga, U. S. N., was elected chairman. 

There being no papers for discussion before the Society, the 
report of the Council on the Prize Competition, and the report of 
the Secretary-Treasurer were read, the latter showing a solid 
financial condition. A statement was also made showing a grati- 
fying increase in the membership of the Society. The reports 
are as follows: 


REPORT OF THE COUNCIL. 


WASHINGTON, Fanuary 8, 1897. 
To the American Society of Naval Engineers: 

Sirs: In accordance with the resolution adopted at the last annual meeting, January 
11, 1896, the Council extended invitations to the Members and Associate Members 
of this Society to submit papers for competition. 

Owing to the limited number of papers submitted, and to the fact that these were 
not considered up to the standard of the JOURNAL, the Council regrets that it could 


not award any prizes. 
The Council respectfully suggests that the invitation, changed as follows, be 
renewed for the coming year. 


Zo the Members and Associate Members : 

In accordance with the resolution adopted on January 11, 1896, at the annual 
meeting of the Society of American Naval Engineers, the Council takes pleasure in 
offering for competition, according to the rules of the resolution (printed on page 
221 of Volume VIII), the sums of $75 and $25 respectively, and suitable medals 
which will be prepared, for the two best, original papers. The Council will award 
** Honorable Mention” to such other papers as may deserve this distinction. The 
Council reserves the right to reject any or all papers. 

By the broad terms of the resolution, the subject of a paper may be in the form of 
an original essay on any matter suitable for this Society, or it may be on the results of 
original experiment or research. There is no limit to the length of the papers, nor 
in the number of illustrations which may be thought necessary. 

The Council expresses the hope that members and associate members will strive for 
the honors thus bestowed by the Society, and by their original productions enhance 
the growing value of the JoURNAL. 


Respectfully submitted, by direction of the Council, 
EmMIL THEIss, 
P. A. Engineer, U.S. N. 
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REPORT OF THE SECRETARY-TREASURER. 


WASHINGTON, Panuary 9, 1897. 
To the American Society of Naval Engineers: 


Sirs: In accordance with the requirements of Section 14 of the By-Laws of the 
Society, I have the honor to submit the following report on the financial condition of 


the Society from January 11, 1896, to date. 


RECEIPTs. 


$7,486.55 


EXPENDITURES. 


Stationery, postage and 115.71 


This balance is on deposit with the American Security and Trust Company. 
Very respectfully, 
F. C. Bigc, Secretary- Treasurer. 


After the reading of the reports, which were unanimously ap- 
proved, the election of officers was held, with the following re- 
sults : 

President: Chief Engineer David Smith, U. S. N., (retired.) 

Secretary-Treasurer: Passed Assistant Engineer F. C. Bieg, 
U.S.N. 

Members of Council, in addition to the President and Secre- 
tary-Treasurer : 

Chief Engineer A. B. Canaga, U. S. N.; Passed Assistant En- 
gineer H. P. No:ton, U.S. N.; and Passed Assistant Engineer 
Emil Theiss, U. S. N. 
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A vote of thanks was then given to the Secretary-Treasurer 
for his efficient and successful management of the affairs of: the 
Society. 

It having been suggested that it would be desirable to add 
some social features, such as a dinner and reunion, to the an- 
nual meeting, P. A. Engineer F. H. Eldridge, U. S. N., moved 
that the Council be empowered to arrange for such an addition 
to the annual meeting, and to get the views of the members as 
to the time of holding the next annual meeting, and to invite 
suggestions from them on this subject. 

.~. This motion was unanimously adopted. 

A motion made by P.A. Engineer R. S. Griffin, U. S. N., 
which was unanimously adopted, empowered the Council to get 
the views of the members on the adoption of a Society badge 
and button. 

There being no further business, the meeting adjourned. 
The report and accounts of the Secretary-Treasurer have since 
been audited and found to be correct. 


SPECIAL NOTICE. 


In accordance with the report adopted at the above annual 
meeting, the Council extends the invitation, printed above, to 
members and associate members to compete for the prizes offered. 
The resolution, referred to above, is here reprinted. 


| Resolved, That it isthe sense of this meeting that the Council of the Society of 
American Naval Engineers should offer annually the sums of $75 and $25, and ap- 
propriate medals for the two best papers on any subjects suitable for the JOURNAL, and 
: written by a member or associate member of this Society, subject to the following 
rules : 
1. Papers must be original and submitted to the Secretary and Treasurer before the 
first of November of each year. 
| 2. The Council of the Society shall judge the value of the papers submitted and 
. award the prizes to the two best, and *‘ honorable mention” to such other papers as 
| deserve this. 
3. Papers receiving the award of “honorable mention’ shall be considered the 
property of the Society for publication in the JOURNAL. 
4. All papers submitted shall bear a moito of the author, which motto shall be 
identified by a separate, sealed communication to the Secretary and Treasurer, giv- 
ing the author’s name and motto. These notes of identification shall be kept by the 
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Secretary and Treasurer, and opened only after the Council has given its judgment 
on the papers. Then the prizes and ‘honorable mention” shall be awarded by 
name and the papers published in the JoURNAL. 


To carry out the resolutions regarding the addition of a din- 
ner and reunion to the annual meeting, and the adoption of a 
badge and button, the Council cordially invites all members and 
associate members to send to the Secretary-Treasurer their views 
on these subjects. Designs for the badge or button are cor- 
dially invited. 


F. C. 
Sec’y-Treasurer. 
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OFFICERS AND MEMBERS. 


AMERICAN SOCIETY OF NAVAL ENGINEERS. 


OFFICERS FOR 1897. 
President: 
Chief Engineer David Smith, U. S. Navy. 
Secretary and Treasurer: 
Passed Assistant Engineer F. C. Bieg, U. S. Navy. 
Council: 
Chief Engineer David Smith, U.S. Navy. 
Chief Engineer A. B. Canaga, U.S. Navy. 
Passed Assistant Engineer F. C. Bieg, U. S. Navy. 


Passed Assistant Engineer H. P. Norton, U.S. Navy. 
Passed Assistant Engineer Emil Theiss, U. S. Navy. 


HONORARY MEMBERS. 
(BX-OFFICIO,) 
The Secretary of the Navy. 
The Assistant Secretary of the Navy. 
Chief of Bureau of Steam Engineering: 
Geo. W. Melville, Engineer-in-Chief, U. S. N., Navy Department. 
Ex-Chiefs of Bureau of Steam Engineering: 
Chas. H. Haswell, Consulting and Superintending Engi , 42 Broadway, New York, 
B. F. Isherwood, Chief Engineer, U. S. N. (retired), rrr East 36th street, New York. 
J. W. King, Chief Engineer, U. S. N. (retired), 3231 Powellton avenue, Philadelphia, 
Chas. H. Loring, Chief Engineer, U. S. N. (retired), 239 Clermont avenue, Brooklyn. 
Wm. H. Shock, Chief Engineer, U. S. N. (retired), 1404 15th street, Washington, D. C. 


MEMBERS. 
Able, A. H., Chief Engineer, U.S, N.....s100-eseeeeee-+++++.2034 Mt. Vernon street, Philadelphia, Pa. 
Addicks, W. R., Chief Engineer Bay State, Boston and Brookline Gas Light Companies, 
24 West street, Boston, Mass. 


Aldrich, Wm. S., Prof Mechanical Engineering, 
and Director Department of Mechanic Arts, West Virginia University, Morgantown, W. Va. 
Allderdice, W. H., Passed Assistant Engineer, U.S. N 126 S. roth street, Philadelphia, Pa. 
Allen, D. Van H., Assistant Engineer U. S. N......... U.S. S. Fantic. 
Allen, F. B., Vice-Pres. Hartford Steam Boiler Insp. and Ins. Co., 
res., 61 Willard street, Hartford, Conn, 
Anderson, M. A., Passed Assistant Engineer, U. S. N., 
Inspector, Herreshoff Mfg. Co., Bristol, R. I. 
Andrade, Cipriano, Chief Engineer, U. S. N., 273 Lafayette st., W. Germantown, Philadelphia. 
Aston, Ralph, Chief Engineer, U.S. N 78 Hanson Place, Brooklyn, N. Y. 
Ayres, S. L. P., Chief Engineer, U. S. N., Examining Board, P, O. Building, Philadelphia, Pa. 


Bailey, F. H., Chief Engineer, U. S. N U.S. S. Newark. 
Baird, G. W., Chief Engineer, U. S. N., 
Superintendent State, War and Navy Dept. Bldg., Room 148, Navy Dept., Washington, D. C. 
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Ball, Walter, Assistant Engi ,U.S.N U.S.S. New York. 
Barnard, G.A., Mechanical Engineer... Cortlandt street, New York. 
Barrett, Thos. H., late Assistant Satine, U. S. 'N.. aan 156, Post Office Building, New York. 
Barry, J J., Passed Assistant Engineer, U.S. N. (retired), 
106 McDonough street, Brooklyn, N. Y. 

Bartlett, F. W., Passed Assistant Engineer, U.S. N.. S. S, Pesuvius, 
Barton, J. K., Chief Engineer, U.S. N U.S. S. Benningt 
Bates, A. B., Chief Engineer, U.S. N. .U S.S. Franklin, 
Baughman, H C., Assistant Engine-r, U.S. N. (retired), 2000 N. rath street, Philadelphia, Pa. 
Baxter, W. J., Naval Constructor, U.S. Navy Yard, Mare Island, Cal. 
Bayley, W. B., Chief Engineer, U.S. N., 

Bureau Steam Engineering, Navy Department, Washington, D C. 
Beach, E. L., Passed Assistant Engineer, U.S. N _S.S. Puritan. 
Bennett, F. M., Passed Assistant Engineer, U. S. N U.S. S. Amphitrite. 
Bevington, Martin, Passed Assistant Engineer, U.S. N.........0¢..c00+seeeeeeeeeeeeeU. S. S. Columbia, 
Bieg, F. C., Passed Assistant Engineer U.S. N., 

Bureau Steam Engineering, Navy Department, Washington, D. C. 
Borthwick, J. L. D., Chief Engineer, U. S. N. (retired) 317 West 6th street, Erie, Pa. 
Bowers, F. C., Passed Assistant Engineer, U.S. N -U.S. S. Maine. 
Boyd, Jas. T., Consulting Engineer... 28 State street, Boston, Mass. 
Brady, John R., Assistant Engineer, U.S. N. U.S.S. Indiana. 
Bray, Chas. D., Professor Civil and Mechanical Engineering....... ufts College, Mass. 
Broeht, T. C.. Bureau Steam Engineering, Navy Department, Washington, D. C. 
Brooks, W. B., Chief Engineer, U. S. N. (retired)................2. + -++e437 West 6th street, Erie, Pa, 
Bryan, B. C., Passed Assistant Engineer, U.S. N....... «U.S. S. Dolphin. 
Buehler, W. G., Chief Engineer, U.S. N........-...ccs00 Navy Yard, Portsmouth, N. H. 
Burd, G. W., Passed Assistant Engineer, U. S. -U.S. S. Cincinnati. 
Burgdorff, T. F., Passed Assistant Engineer, U.S. N... 
Burke, W.S., Passed Assistant Engineer, U. S. N..........0-027 Everett street, Cambridge, Mass. 
Bush, W. W.., Passed Assistant Engineer, U.S. N...........-0e00.Moran Bros’. Co., Seattle, Wash. 


Canaga, A. B., Chief Engineer, U. S. N., 
Bureau Steam Engineering, Navy Department, Washington, D. C. 
Capps, W. L., Naval Constructor, U.S. N .......... ee +«eUnion Iron Works, San Francisco, Cal. 
Carney, R. E,, Assistant Engineer, U.S. N. (retired) i «P O. B. 236, Vallejo, Cal. 
Carr, C. A., Passed Assistant Engineer, U. S. N....... 
Carter, T. F., Passed Assistant Engineer, U.S. N... U.S. S. Brooklyn, 
“Cathcart, W. L., Mechanical Engineer........ Pa. 
Chambers, W. H., Passed Assistant Engineer, U.S. N Yard, York. 
Cleaver, H. T., Chief Engineer, N.............. 
Cline, H. H., Chief Engineer, U.S. N. Greene ave., 
Collins, Jno, W., Engineer-in-Chief Revenue Cutter Service, 
Treasury Department, Washington, D. C. 
Conant, F. H., Passed Assistant Engineer, U. S. N.......... evecnns Naval Academy, Annapolis, Md. 
Cone, Hutch I., Assistant Engineer, U.3.S Philadelphia, 
Cook, Allen M., Assistant Engineer, U.S. N U.S.S. New York, 
Cooley, eer E., Professor Mechanical Engineering, 
University of Michigan, Ann Arbor, Mich. 
Cooper, I. T., Assistant Engineer, U.S. U.S. S. San Francisco, 
Cowie, George, Jr., Chief Engineer, U.S. 
Cowles, W. Barnum, Constructing and Naval 
223 Princeton street, Cleveland, Ohio, 
Crawford, Robt., Passed Assistant Engineer, U.S. N. (retired), 

Superintendent Williamson School, Williamson School Post Office, Delaware Co., Pa. 
Creighton, W. H. P., Assistant Engineer, U.S. N. (retired), 1420 Toledano st., New Orleans, La. 
Cunningham, Thomas Scott, late First Assistant Engineer, U.S. N.. 

B. 10, Produce Exchange, New York. 
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Danforth, Geo. W., Passed Assistant Engineer, U. S. N red Yard, New York. 
Day. W.B, Passed Assistant Engineer, U.S. N.. wien are Navy Yard, New York. 
Denig, R. Chief Engineer, U. S. LU. Sake, Station, Newport, k. I. 
Dismukes, D. E., Assistant Engineer, U. S.N Navy Yard, Norfolk, Va. 
Dixon, A. F., Chief Engineer, U.S. N...... 
Doran, James S., Superintending Engi International Sewlansiae Co., 
307 Walnut street, Philadelphia, Pa. 

Dowst, F. B , General Superintendent B. F. Sturtevant Co Jamaica Plain, Boston, Mass. 
Dripps, W. A., Mechanical Engineer. 3324 Walnut street, Philadelphia, Pa. 
Dungan, W. W.., Chief Engineer, U. S. N......,[nspector, Cramp’s Shipyard, Philadelphia, Pa. 
Durand, W. F., Principal, school of Marine Construction.......Cornell University, Ithaca, N. Y. 
Dunning, Wm B., Passed Assistant Engineer, U.S. N 6 U.S. S. Olympia, 
Dyson, Charles W , Passed Assistant Engineer, U.S N., 

U.S. Fish C ission, Washington, D. C. 


Eaton, Wm. C., Chief Engineer, U.S. Hamilton, Madison Co., N. Y. 
Eckart, W. R., Mechanical Engineer......... 3014 Clay street, San Francisco, Cal. 
Edson, Jarvis B., Mechanical Engineer. 313 W. 74th street, New York, 
Edwards, Jno. R., Chief Engineer, U.S. N., 

Bureau of Steam Engineerjng, Navy Department, Washington, D. C. 
Eldridge, F. H , Passed Assistant Engineer, U.S. N a Naval Academy, Annapolis, Md. 
Emanuel, J. M., Passed Assistant Engineer, U.S. N. (retired), 1820 N. 12th st., Philadelphia, Pa. 
Emery, Chas. E., Ph.D., Consulting Engineer ...... 916 B Building, New York. 
Engard, A. C., Chief Engineer, U.S. N.......... 2131 North roth street, Philadelphia, Pa. 


Farmer, Edward, Chief Engineer, U.S. N. Navy Yard, New York. 
Ferguson, Geo. R., Mechanical Engineer, 179 Washington street, Brooklyn, N. Y. ; 

Residence, 26 South Grove street, East Orange, N. J. 
Fisher, Clark, Civil and Mechanical Engineer Eagle Anvil Works, Trenton, N. J. 
Fitch, H. W., Chief Engineer, U.S. N., a ae Connecticut avenue, Washington, D. C. 
Fitzgerald, E. T., Naval Cadet, U.S. U.S. S. Texas. 
Ford, Jno. D., Chief Engineer, U.S. N U.S. S. Brooklyn. 
Freeman, E. R., Chief Engineer, U.S. N.................Steel Inspection Board, Washington, D. C. 


Gage, Howard, Passed Assistant Engineer, U. S. N. Union Iron Works, San Francisco, Cal. 
Galt’, Robert W., Chief Engineer, U. S. N Wolff & Zwicker Iron Works, Portland, Oregon. 
Garrison, Danl. M., Naval Cadet, U.S. U.S. S. Amphitrite. 
Gow, J. L., Passed Assistant Engineer, U. S. N U.S. S. Roleigh, 
Greene, Levi R., late First Assistant Engineer, U. S. N....35 Concord avenue, Cambridge, Mass. 
Griffin, R.S., Passed Assistant Engineer, U. S. N., 
Bureau Steam Engineering, Navy Department, Washington, D. C. 
Gsantner, O. C., First Assistant Examiner, U. S. Patent Office; 
Residence, 1708 New Jersey avenue, Washington, D. C. 


Habighurst, C. J., Chief Engineer, U.S. N..... ... ---653 N. Forty-fourth street, Philadelphia, Pa. 
Hall, H., Passed Assistant Engineer, U.S. N... U.S. S. Indiana. 
Hall, R. T., Passed Assistant Engineer, U. S. N 
Halstead, A. S , Passed Assistant k.ngineer, U.S. N........ i H. Dialogue & Son, Camden, N. J. 
Hannum, J L., Chief Engineer, U.S. N S. S. Amphitrite, 
Harris, Wm. H., Chief Engineer, U.S. 
Hartrath, Armin, Assi Engi ,U.S.N sseeeseee Navy Yard, Mare Island, Cal. 
Hasbrouck, R. D., Assistant Engineer, U.S. N., ‘ 

Bureau of Steam Engineering, Navy Department, Washington, D. C. 
Hasson, W. F. C., Consulting Mechanical and Electrical Engineer, 

310 Pine street, San Francisco, Cal, 

Hayes, Charles H., Passed Assistant Engineer, U.S. N..........:0s00s0000+.-U. S S, Massachusetts, 
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Henderson, Alexander, Chief Engineer, U. S. N. (retired), 

Treasurer Manhattan Rubber Manufacturing Co., 64 Cortlandt street, New York- 
Herbert, W. C., Passed Assistant Engineer, U.S. N 55 Saunders ave., West Philadelphia. 
Hibbs, F. W.., Assistant Naval Constructor, U. S. N......-cesesseessceeeseeseeeee Nay Vard, New York. 
Hichborn, Philip, Chief Constructor, U.S N Navy Department. 
Higgins, R. B., Passed Assistant Engineer, U.S. N. 
Hogan, Thomas J., Mechanical Engineer Box 950, Pittsburg, Pa. 
Hollis, Ira N., Professor of Engineering, Harvard University...................««««.Cambridge, Mass. 
Holmes, U. T., Passed Assistant Engineer, U.S. N Naval Academy, Annapolis, Md. 
Howell, C. P., Chief Engineer, U.S. N U.S. 5. Maine, 
Hunt, A. M., Consulting Engineer...... Pine street, San Francisco, Cal. 


Inch, Richard, Chief Engineer, U. S. N Navy Yard, Mare Island, Cal. 
Inch, Philip, Chief Engineer, U.S. Navy Yard, Washington, D. C.. 


Johnson, George R., Chief Engineer, U.S. N., (retired), 
1233 New Hampshire avenue, Washington, D. C. 
Jones, David P., Chief Engineer, U. S. N. (retired).............. ..-.. Rookery Building, Chicago, Ill. 
Jones, Horace W., Passed Assistant Engineer, U.S. N.............. U.S. S. Thetis. 
se+eeeee-68 Great Russell street, London, W. C., England. 


Kaemmerling, Gustav, Passed Assistant Engineer, U.S. N., 
Bureau Steam Engineering, Navy Department. 

Kafer, John C., Passed Assistant Engineer, U.S. N. (retired), 247 Fifth avenue, New York City. 
Kearney, George H., Chief Engineer, U.S. N U.S. S. Cincinnati. 
Keilholtz, Pierre O., Chief Engineer, City and Suburban Railway Co. ............... Baltimore, Md. 
Kellogg, Edw. S., Assistant Engineer, U. S. N U.S. S. Yorktown. 
King, C. A. E., Passed Assistant Engineer, U. S. N., 

Bureau Steam Engineering, Navy Department, Washington, D. C. 
King, W. R., Passed Assistant Engineer, U.S. N. Hagerstown, Md. 
Kinkaid, T. W., Passed Assistant Engineer, U. S. N jie U.S. S. Terror. 
Kirby, Absalom, Chief Engineer, U.S. N.... U.S. S. Monadnock 
Koester, O. W., Passed Assistant Engineer, U. S. N U.S. S. Cushing. 
Kutz, George F., Chief Engineer, U.S. N. (retired).. i street, Oakland, Cal. 


Laws, E , Chief Engineer, U. S. N. (retired)...............145 Washington street, Morristown, N. J. 
Laws, G. W., Assistant Engineer U. S. N U.S. S. Raleigh. 
Leavitt, E. D., Consulting Engineer 2 Central Square, Cambridgeport, Mass.. 
Leiper, C. L., Naval Cadet, U.S. N U.S. S. Newark. 
Leitch, R. R., Chief Engineer, U.S. N 51 South Oxford street, Brooklyn N. Y. 
Leonard, J. C , Passed Assistant Engineer, U. S. U.S. S. Detroit. 
Leonard, S. H , Passed Assistant Engineer, U.S. N.......... +.-U, S. S. Enterprise, Boston, Mass. 

Leopold, H. G., Passed Assistant Engineer, U. S. N.. Navy Yard, New York. 

Linnard, Joseph H., Naval Constructor, U. S. N Guanet s Ship Yard, Philadelphia, Pa. 

Little, W. N., Chief Engineer, U. S. N Navy Yard, Norfolk, Va. 

Loyd, John cpt Water s street, New York. 

Loewe, John, Chief Engineer, U.S. 


McAllister, Andrew, Passed Assistant Engineer, U. S. N. (retired), 

Bay Thirty-first street near Eighty-sixth street, Brooklyn, N, Y. 
McAlpine, Kenneth, Passed Assistant Engineer, U.S. N............---- Navy Yard, Norfolk, Va. 
McCartney, D. P., Chief Engineer, U. S. N. (retired), 1704 19th st., N. W., Washington, D. C. 
McCutchen, J. F., late Chief Engineer, U.S. N......cse000--+- 2206 N. 15th street, Philadelphia, Pa, 
McDonald, J. E , Assistant Naval Constructor, U. S. N 
McElmell, Jackson, Chief Engineer, U. S. N. (retired), 1931 Spring Garden st., Philadelphia, Pa. 
McElmell, Thomas A., late Second Assistant Engineer, U. S. N., 

193 Spring Garden street, Philadelphia, Pa. 

McElroy, G. W., Passed Assistant Engineer, U.S. Nu... S. S. Adams. 
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McFarland, W. M., Passed Assistant Engineer, U.S. N........ U.S. S. San Francisco, 
McKean, Fred G., Chiet Engineer, U.S. N. (retired)..1323 11th street N. W., Washington, D. C. 
McKean, J.S., Passed Assistant Engineer, U.S. N.. U. S. S. Minneapolis, 
McMorris, B. K., Assistant Engineer, U. S. N., 
Care B. F. Stevens, 4 Trafalgar Square, London, England, 
Maccarty, G. M. L., Chief Engineer, U. S, N. (retired) ........189 Bellevue street, Newton, Mass. 
Macomb, D. B., Chief Engineer, U. S. N. (retired), 28 Arlington street, North Cambridge, Mass. 
Magee, E. A., Chief Engineer, U.S. N. (retired)... eeeeet87 Marcy avenue, Brooklyn, N. Y. 
Magee, Geo. W., Chief Engineer, U.S. N. (retired).. «+187 Marcy avenue, Brooklyn, N. Y. 
Manning, Chas. H., Passed Assistant Engineer, U. s. N. (retired), 
General Superintendent rare Manufacturing Co., Manchester, N. H. 
Mansfield, Newton, Naval Cadet, U. S. N..........--sseeeeccssseseesscessssesseceeeesseeeeeeee, S. S, Maine, 


Mattice, A. M., Mechanical Engineer... st seeeeneeseeeeeeee? Central Square, Cambridgeport, Mass, 
Mickley, J. P., Chief Engineer, U.S, U.S. S. Terror, 
Milligan, R. W., Chief Engineer, U.S. Nuv....ce.cceeceseee U.S. S. Oregon, 
Moody, Roscoe C., Assistant Engineer, U. S. N.. S. Newark, 
Moore, Jno. W., Chief Engineer, U. S. N. (retired)...........4 98 S. Oxford pecan, Brooklyn, N. Y. 
Moore, Wm. S., Chief Engineer, U. S. N. 
Morgan, Leo, Mechanical Engineer....0......+ 3641 street, San Francisco, Cal. 


«Navy Yard, New York, 
260% street, Brooklyn, N. Y. 


Moritz, Albert, Passed Assistant Engineer, U. s. N.. 
Morley, A. W., Chief Engineer, U. S. N. (retired)... 


Meuniean, Wu. 14. , Chie! U... 
Nones, Henry B., Chief Engineer, U.S. N. (eatived). .-1107 Franklin street, Wilmington, Del, 
Norton, H. P., Passed Assistant Engineer, U. S. N .......,Bureau Steam Engineering, Navy Dept. 
Nulton, Louis M., Passed Assistant Engineer, U. Ss. Wassiene Academy, Annapolis, Md, 


Ogden, J..S., Chief Engineer, U.S. Jefferson Place, Washington, D, C. 


Offiey C. N., Passed Assistant Engineer, U.S. N., 
Columbian I. W. and D. D. Co., Baltimore, Md. 


Parks, W. M., Chief Engineer, U.S. N.......... -Columbian I. W. and D. D. Co., Baltimore, Md. 
Patton, J. B., Passed Assistant Engineer, U. S. N.........00 Homestead Steel Works, Munhall, Pa. 


Pemberton, John, Passed Assistant Engineer, U.S. N. (retired), 
24 Hawthorne avenue, E. Orange, N. J. 


Perry, J. Chief Engineer, U.S. U.S. S. Monterey, 
Peugnet, M. B., late Assistant Engineer, U.S. N.......0.s0000 32 Highland street, Cambridge, Mass. 
Porter, John S., Assistant Engineer, U. S. N P. O. B. 559, Denver, Col. 
Potts, Stacy, Chief Engineer, U. S. N....... U.S. S. Essex. 


Pickrell, J. M., Passed Assistant Engineer, U.S. N...........Cramp’s Shipyard, Philadelphia, Pa. 


Price, C. B., Passed Assistant Engineer, U.S. N., 
Newport News S. B. and D. D. Co., Newport News, Va. 


Price, H. B., Assistant Engineer, U.S. N...... 
Procter, A. M., Assistant Engineer, U.S. N.. 


U.S. S. Philadelphia. 
U.S. S. Brooklyn, 


Rae, Charles Whiteside, Chief Engineer, U.S. N., 
Head Department of Steam Engineering, Naval Academy, Annapolis, Md, 


Ransom, G. B., Chief Engineer, U.S. N........... U.S. S. Boston. 
Read, Frank D., Assistant Engineer, U. S. N U.S. S. Monadnock, 
Rearick, P. A., Chief Engineer, U.S. N., Newport News S, B. & D. D. Co., Newport News, Va. 
Redgrave, DeWitt C., Passed Assistant Engineer, U. S. N...ssesssssenseeesU. S. S. Montgomery. 
Reed, Milton E., Assistant Engineer, U.S. N.......««Care Navy Department, Washington, D. C, 
Reeves, I. S. K., Chief Engineer, U. S. N.. sesso. S. S. Katahdin, 
Reeves, Jos. M., Assistant Engi 0.8. S. S, San Francisco, 
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Reid, R. I., Passed Assistant Engineer, U. S. N U.S. S. Castine. 
Rhoades, Henry E., Engineer Corps, U.S. N. (retired), 141 S. obia av., Mount Vernon, New York. 
Rice, Geo. B., Naval Cadet, U.S. S. S. Newark, 
Roberts, Edward E., President The Reberws Safety Water Tube Boiler: Co. 

39 and 41 Cortlandt street, New York. 
Robie, Edward D., Chief Engineer, U.S. N. (retired), 1331 21st st., N. W., Washington, D.C. 
Robison, John K_ , Assistant Engineer, U.S. N........... S. S. Olympia. 
Robinson, L. W., Chief Engi ,U.S.N. abe +724 N. ait street, Philadelphia, Pa. 
Roche, G. W., Chief Engineer, U. S. N, (retired 1304 McCulloh street, Baltimore, Md. 
Roelker, C. R., Chief Engineer, N...........+ «U.S. S. Raleigh. 
Rommell, C. E., Passed Assistant Engineer, U. S. N U.S. S. Alliance. 
Ross, Henry Schuyler, Chief Engineer, U. S. N -U. S. S. Massachusetts. 
Ryan, J. P. J., Assistant Enzineer, U. S. N 


Sampson, , Passed Assistant Engineer, U.S. N. ........ ‘s. "Michigan, ‘Erie, Pa. 
Schell, F. J , Passed Assistant Engineer, U. S. N U.S. S. New York. 
Scribner, E. Passed Assistant ngineer, U.S. N. U.S. S. Monocacy. 
Selden, W.C., Supenannting Engineer cn Line Steamers.....Pier 29 East River, New York. 


Smith, ‘David, Chief U.S. N. (retired), -+.1714 Conn, avenue, Washington, D. C. 
Smith, J. A. B., Chief Engineer, U.S. N.. seeeeeeeNavy Vard, Norfolk, Va. 
Smith, S. L., Superintendent Roxbury Carpet Co. 37 Simmons street, Boston, Mass. 
Smith, W. Strother, Passed Assistant Engineer, U. S. N., 

Newport News S. B. & D. D. Co., Newport News, Va. 
Smith, W. Stuart, Assistant Engineer, U.S. N. (retired) 2538 Dwight Way, Berkeley, Cal. 
Snow, Elliot, Assistant Naval Constructor, U. S. N Union Iron Works, San Francisco, Cal. 
Spangler, Henry W., Prof. Mechanical Engi ing, University of Pennsylvania, Philadelphia. 
Stevenson, H. N., Chief Engineer, U. S. N., Inspector Machinery, Bath Iron Works, Bath, Me. 
Stickney, Herman O., Passed Assistant Engineer, U, S. N.....Naval Academy, Annapolis, Md. 


*Tawresey, John G., Naval Constructor, Cramp’s Ship Yard, Philadelphia. 
Taylor, D. W., Naval Constructor,U.S N, 
Bureau Construction and Repair, Navy Department, 
Taylor, R. D., Passed Assistant Engineer, U. S. N. (retired), 3212 Haverford Ave., Philadelphia. 
Theiss, Emil, Passed Assistant Engineer, U.S. N., 
Bureau Steam Engineering, Navy Department. 
Tobin, J. A., Engineer Corps, U. S. N. (retired) 19 Cliff street, New York City. 
Tower, George E., Chief Engineer, U. S. N. (retired) 8 Crawford street, Roxbury, Mass. 
.---Hotel Gladstone, Philadelphia, 
Trench, M. E , Assistant Engineer, U.S. U.S. S. Maine, 
Trilley, Joseph, Chief Engineer, U.S. N Navy Yard, Mare Island, Cal. 


Van Buren, J. D., Civil Engi «++ee Newburg, N. Y. 
Varney, W.H , Naval Constructor, U.S. N.......... +.-1001 Harlem avenue, Baltimore, Md. 


Warburton, Edgar T , Passed Assistant Engineer, U.S. N....ss0eeeeeseneesereeeeU. S. S. Bancroft. 
Warren, B. H., Assistant Engineer U. S. N. (retired), 
Vice President Westinghouse Electric Mfg. Co., res. 514 Shady avenue, Pittsburg, Pa. 
Weaver, W. D., Electrical Engineer. 7 West 26th street, New York City. 
Webster, H., Chief Engineer, U.S. N... U.S. S. Yorktown, 
Wells, Chester, Assistant Engineer, U. S. N U.S. S. Texas. 
Wharton, B. B. H _, Chief Engineer, U. S. N. (retired).....69 Christopher street, Montclair, N. J. 
White, W. W., Passed Assistant Engineer, U.S. N U. S. S. Minneapolis. 
Whitham, Jay M., Consulting Engi 131 S. 3d street, Philadelphia, 
Williamson, John D. (late Chief Engineer, U.S. N.), 
Williamson Bros., Engineers, York and Richmond streets, Philadelphia. 
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Willits, A. B., Chief Engineer, U. S. N U.S. S. Marblehead, 
Willits, Geo. S., Chief Engineer, U. S. N.. .................American Steel Casting Co., Thurlow, Pa. 
Wilson, F. A., Chief Engineer, U. S. N............ s+seeeeeeeeeee Union Iron Works, San Francisco, Cal. 
Windsor, W. A., Chief Engineer, U.S. N... coves U.S. S. Minneapolis. 
Winchell, Ward P., Passed Assistant U. S. 'N.. S. S. Philadelphia, 
Wood, B. F., Chief Sickeimn: U.S. N. (retired) .....213 N. Fulton avenue, Mount Vernon, N. Y, 
Wood, Jos. L., Assistant Engineer U. S. N. (retired), 
Webb’s Academy, Fordham Heights, New York City. 
Woodward, J. J., Naval Constructor, U.S. N., 
Newport News S. B. & D. D. Co., Newport News, Va, 
Worthington, W. F., Chief Engineer, U. S. N U.S. S, Montgomery. 


Zane, A. V., Chief Engineer, U.S. S. Machias. 
Zeller, Theo., Chief Engineer, U. S. N., with relative rank of Commodore (retired), 
15 West rath street, New York. 


ASSOCIATES. 


Aborn, George i ing Engineer, 
Knowles’ Steam Pump Works, Warren, Mass. 
Allen, F. 8., Chief Inspector, Hartford S. B. Insp. & Ins. Co......218 Main street, Hartford, Conn, 
Allen, J. M., President, Hartford S. B. Insp. & Ins. Co Hartford, Conn. 
Almy, Darwin, President and Treasurer, Almy Water Tube Boiler Co., 
178 to 184 Allens avenue, Providence, R. I. 
Angstrom, Arendt, General Manager, The Bertram Engine Works Co............Toronto, Canada, 
Archambault, C. V., Chief Draughtsman with the James Clark Co., Baltimore, 
res., 234 East Montgomery street, Baltimore, Md. 
Arentz, H. S., Supervising Engineer, R. Nerweshens Navy, 
Care Messrs. R. W. Hawthorn, Leslie & Co., St. Peter’s, Newcastle-on-Tyne, England. 


Babcock, W. I., Manager, Chicago Shipbuilding Co.............0+++.925 The Rookery, Chicago, Il. 
Bailey, Charles F., Chief Draughtsman, Engineering Department, 
Newport News Shipbuilding and Dry Dock Co., Newport News, Va. 
Bailey, W. H., Agent, American Tube Works..........:00 sssssssseseeeseseeese20 Gold street, New York. 
Baker, F. W., Columbian Iron Works and Dry Dock Co. Baltimore, Md, 
Barrows, H. C., Chief Engineer, U. S. R. C.S., 
Charge Machinery Steam Launches, Port Townsend, Wash. 
Bartlett, George B., Mechanical Engi 4470 Oakenwald avenue, Chicago, Ill. 
Beavor-Webb, J., Naval Architect and Engineer... a+ seee0ee45 Broadway, New York, 
Belcher, A, W., Superintendent, Repair Shops, Cornell Steamboat Co Rondout, N. Y, 
Biles, J. Harvard, Professor, Naval Architecture, University of Glasgow.......Glasgow, Scotland, 
Binney, Arthur, Naval Tremont street, Boston, Mass, 
Bissell, G. W., Professor of Mechanical Engineering, Iowa Agricultural College......Ames, Iowa, 
Blake, D. W., Second Assistant Engineer, U. S. R. C. S.........Steamer Colfax, Charleston, S, C. 
Bloedel, J. H., Secretary, Blue Canyon Coal Mining Co New Whatcom, Wash, 
Blomberg, C. A., Marine Engineer, Newport News S. B. and D. D. Co.......Newport News, Va. 
Bonneville, A. A. de, Mechanical Eng 3 95 Liberty street, New York. 
Broadbent, A. L., Chief Engineer, U.S. R. C. S....++++002++Care Moran Bros.’ Co., Seattle, Wash. 
Bushnell, Fred. N., Mechanical South street, Providence, I, 
Busley, Carl, Professor, Gecheimer Regierungsrath, Kronprinzen Ufer 2, Berlin, N. W., Germany. 


Calder, C. B., Superintendent, Dry Dock Engine Works Detroit, Mich. 
pence Andrew J......Care The Henry R. Worthington Hydraulic Works, S. Brooklyn, N. Y. 
bell, J Care Messrs. C. A. Campbell & Co., 59 Congress street, Boston, Mass, 
quate w. F., Mechanical Engineer, Care The Harlan and Hollingsworth Co., Wilmington, Del. 
Christopher, J. Carstair +++ee-1826 Bolton street, Baltimore, Md, 
Coleman, Edward P., T: and M , Attleboro Steam & Electric Co., Attleboro, Mass. 
Cook. John T., Chief Engineer, S. S. Cape Amn: B. & G. S. B. Co., Central Wharf, Boston, Mass. 

Cop, Huibert, Naval Constructor rst Class, Dutch Navy, Peofineer R. Polytechnic School, 
Delft, Holland. 
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Coryell, Miers, Consulting Engineer....... ....ssesssreeeeeee21 E, Twenty-first street, New York. 
Cox, Irving, Naval Architect eee 1 Broadway, New York. 
‘Cramp, Benjamin H., Brass Founder..............+.«+«. York and Thompson streets, Philadelphia. 
Cramp, Courtland D., Brass Founder.............-+ss«York and Thompson streets, Philadelphia, 
Cramp, Edwin S., Superintending Engineer, Wm. Cramp & Sons’ S, & E. B. Co., Philadelphia. 
Cramp, Walter S Wm. Cramp & Sons’ S. & E. B. Co., Philadelphia. 
Currier, John A., Marine Engineer....... stssseeeeeeereeseeee, O. Box 472, West Newton, Mass. 
Curtis, Ralph E . 3 Park street, Newburyport, Mass. 
Cust, Leopold, Engineer...............sseee see eeeees 99 Onslow Square, London, S. W., England. 


Davidson, Marshall T., Marine and Mechanical Engineer, 43 to 53 Keap street, Brooklyn, N. Y. 
Davis, Leonard D., Davis-Farrar Co., Builders of Marine Engines, Boilers and Steam Yachts, 
Erie, Pa, 
DeKinder, J. J., Consulting Engineer and Attorney at Law......Girard Building, Philadelphia, Pa. 
Delanoy, Chas. E., The Snow Steam Pump Works 126 Liberty street, New York. 
Dickey, William D., General Superintendent of The John N. Robins Co., 
Erie Basin Dry Docks, Brooklyn, New York, 
Dickinson, Randall T., Superintending Constructor, 
Delaware River Iron Shipbuilding and Engine Works, Chester, Pa. 
Dorry, J. E., First Assistant Engineer, U.S. R. C.S Steamer Ferry, San Francisco, Cal. 
Dow, George E., Proprietor, Dow Steam Pump Works, 114-116 Beale street, San Francisco, Cal. 
Dowd, Thos. F., Superintendent, Ewart Mfg. Building...........17 S. Jefferson street, Chicago, Ill. 
DuB , F. L., Assi Engineer, Floating Equipment, Pennsylvania Railroad Co., 
Jersey City, N. J. 
Dunell, George R., Marine Engineer,...9 Grove Park Terrace, Chiswick, W., London, England. 


Elgar, Francis, LL. D., Naval Architect.........-....-113 Cannon street, London, E. C., England. 
Elliott, W. E., Superintending Engineer, Goodrich Transportation Co... Chicago, Ill. 
Everest, Charles M., Vice President, Vacuum Oil Company........... ....s00++s00eRochester, N. Y, 


Fargusson, M., Civil Southport, N. C, 
Ferguson, Wilfred H., Fairfield Works, : Govan, Glasgow, Scotland. 
Field, C. J., Consulting Engineer...... eoeceee --39 Cortlandt street, New York. 
Fletcher, Andrew, Jr., member of firm ‘of W. "& A. Fletcher Co., 
Hudson, 12th to 14th street, Hoboken, N, J. 
Fletcher, Wm, H., of firm of W. & A. Fletcher Co., Selon, rath to 14th street, Hoboken, N, J. 
Foran, George J., with The Geo. F. Blake Manufacturing Co.; 
residence, 356 Harvard street, Cambridge, Mass. 
Forsyth, Robert, Chief Engineer of the Union Iron Works San Francisco, Cal, 
Frear, Hugo P., Naval Architect Union Iron Works, San Francisco, Cal. 
French, D. McC., Chief Engineer, U.S. R. C. S....0e.seceeceeeees Steamer Rush, San Francisco, Cal. 
Frerichs, J. A., Marine Engineer, with Easton & Anderson...,.....sssssse-+++-s Erith, Kent, England, 
Fry, Alfred Brooks, Chief Engineer U.S. Treasury Service (Lieut, and Engineer 
Massachusetts Naval Brigade), P. O. Building, Boston, Mass. 


Gray, Evan M., Draughtsman with Donald Currie & Co., 
Orchard House, Blackwall, London, Eng. 
Green, C. M., First Assistant Engineer, U. S. R. C. S., 
Revenue Marine Division, Treasury Department, Washington, D. C, 
Greene, Isaac C.. oniclige Sidposguoal 27 Westminster street, Providence, R. I. 
Greene, W. S. Clayton, late Royal Navy......+....++++.47 Edwardes Square, London, W., England. 
Griffith, Edwin (Whitworth Scholar), Leading Draughtsman, Fairfield Engine Works, Govan ; 
Residence, 6 Ardgowan ‘ler., Glasgow, W., Scotland. 
Grubb, George A 1537 George street, Station B, Chicago, III. 
Gundersen, A., Chief Draughtsman for the John N. Robins Co., 
° Erie Basin Dry Docks, Brooklyn, N. Y. 


Hall, Bicknell, Mechanical Engineer, Cornwall Press Co.....+..0.+++++ Stamford, Conn, 
Hammar, Hugo G., Superintending Constructor, Lindhol Shipbuilding Co., Géteborg, Sweden. 
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Hanscom, I. C.; Naval Architect ..... P. O. B. 64, Antrim, N. H. 
Harris. Jas. H., Manager, Heine Safety Boiler Co. 1521 Monadnock Building, Chicago, Ills. 
Heffernan, J. T., President, Puget Sound Townsend, Wash. 
Hedden, Edward F., Chief Baginess, U.S_R.C. S. (retired)..... «+eeeeeee Edgartown, Mass. 
Henning, Gus C., Consulting Eng St , New York City. 
Henthorn, John T., Remington & Henthorn, Engi wes. Providence, R. I. 
Higginbotham, Walter, Fairfield Engine. Works, 
residence, to Hilland Gardens, Partick Hill, Glasgow, Scotland. 
Hoffmire, John D., Ship and Steamboat Joiner......... Sth street, New York. 
Hollingsworth, Sumner, President, Hollingsworth & Whiting Co. ; 
residence, 44 Federal street, Boston, Mass. 
Howell, William Neill, Mechanical Engineer, Wm. Cramp & Sons’ S. & E. B: Co., . 
Philadelphia. 


Hoxie, Wm D., In charge Marine Boiler Department, Babcock & Wilcox Co., 

29 Cortlandt steeet, New York. 
Hunsiker, Millatd, Assistant to Chairman, Carnegie Steel Co., Limited:.............. Pittsburg; Pa. 
Hyde, Charles E., Marine Engineer, Bath Iron Bath, Me. 
Hyde, John Sedgwick, Superintendent Engineering Department, Bath Iron Works.....Bath, Me. 


Janson, Ernest N., Mechanical Engineer...802 Rhode Island avenue, N. W., Washington, D. C. 
Jefferis, J. E., Chief Engineer, U.S. R: C.S Globe Iron Works, Cleveland, Ohio. 
Jordan, S. S., Assistant Superintendent, Newport NewsS. B. and D. D. Co., Newport News, Va. 


Katzenstein, L., Mechanical West street, New York, 
Kelley, D. F., Chief Engineer, U.S. KR. C.S. 2223 Howard street, Philadelphia, Pa, 
Keough, William T., Engineer The Atlantic Works, East Boston, Mass, 
Kersey, H. Matiand; Agent, White Star.Line 29 Broadway, New York City 
Kimball, G. H 95 Adelbert avenue, Cleveland, Ohio. 
King, Frank B., Marine Engineer and Naval Architect, 1442 Rhode Island av., Washington, D.C. 
Kingsbury, Albert, Professor, New Hampshire — Durham, N, H. 
Kirby, Frank E., Marine Engineer............. Detroit, Mich. 
Kurtz, J. H., Mechanical Engi " centdpouotpeSQOR Marlborough street, Philadelphia, Pa. 


Laval, George de, Superintendent and Constructing Engineer, 
Knowles’ Steam Pump Works, Warren, Mass. 
Leahy, P.E. Nott avenue, Long Island City, N. Y. 
Lincoln, J M., Clyde Steamship Co, (Pier 29, East River), 
residence, 405 Lenox avenue, New York. 
Livingstone, W. A., Marine Engineer...........:..seeeeseeeseeeeet2, Woodward avenue, Detroit, Mich. 
Loring, Harrison, Jr., Mechanical Engi 3344 India street, South Boston, Mass. 
Lovell, Ralph L . P. O. Box 528, Newport News, Va. 
Lundborg, C. G., Naval Archi 253 West 14th street, New York. 


McAllaster, Eugene L., Mechanical Engineer and Naval Architect, 
503-504 Pioneer Building, Seattle, Wash. 
McAllister, Charles A., First Assistant 3.06; 
Revenue Marine Division, Treasury Dapesenin; Washington, D. C. 
McDermott, Geo. R., Professor of Naval Architecture Cornell University, Ithaca, N. Y. 
McInnes, John Columbian Iron Works, Baltimore, Md, 
McMakin, Joseph, Superintending Engineer, U. S. Light House Board, 
1601 McCulloh street, Baltimore, Md. 
Macalpine, John 3303 Sixteenth street, N. W., Washington, D. C. 
Maccoun, W.E., First Assistant Engineer, U.S. R. C. S...Steamer Grant, Port Townsend, Wash. 
Magoun, Francis P. 615 Wall street, New York. 
Maxwell, W. L., Assistant Engineer, U. S. R. C. Steamer Rush, San Francisco, Cal. 
Meier, E. D., President, Heine Safety Boiler Olive street, St. Louis, Mo. 
Mellin, Carl J., Marine and Mechani 613 E, Leigh street, Richmond, Va, 
Merritt, Jas. H., Marine Engi 7o Winter street, Portland, Me, 
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Mickley, Albert J.......::-:::s:-sscseseessseeesees Newport News S. B. & D. D. Co., Newport News, Va. 
Miller, Walter, Consulting Engineer........ sseeeeeee3t0 Western Reserve Building, Cleveland, Ohio. 
Mohr, Louis, Secretary and Consulting Engineer, John Mohr & Sons, 32 Tllinois st., Chicago, Ill, 
Montgomery, H. M., with Messrs. Thayer & Co.........-sese+++++e+-32 Cortlandt street, New York, 
Mooney, Thomas, Engineer..............Morgan Iron Works, oth street and East River, New York. 


Moran, Robt., President and General Manager, Moran Bros. Co.......... Wash. 
Morris, Edward T........ Union Iron Works, San Francisco, Cal. 
Mosher, Charles D., Naval Architect and Marine Engineer.............0000 1 Broadway, New York. 
Munroe, C. W., Chief Engineer, U.S. R.C.S St Colfax, Charleston, S.C. 


Murphy, E. J., Consulting Engineer, Hartford S. B. Insp. and Ins. Co.........+ss«Hartford, Conn. 


Newman, Richard L., Chief Engineer to the Globe Iron Works Co....... ident Cleveland, Ohio. 
Nystedt, Thure, Naval Constructor, Royal Swedish Navy, 
Ingeniér Departementet, Carlskrona, Sweden. 


Palen, Fredk. P., Newport News S. B. & D. D. Co Newport News, Va. 
Palmer, Nicholas F., Proprietor, Quintard Iron Works............. 742 East 12th street, New York. 
Pankhurst, John F , General Manager, The Globe Iron Works Co..... .......+00+sCleveland, Ohio. 
Park, Eugene H.., Assistant U. S. Local Inspector of Boilers.........P.O. B. 149, New Orleans, La. 
Parsons, H. DeB., Consulting Engincer...... William street, New York. 
Peacock, Edw. L., Superintending Engineer, Columbian Iron Works ..........ssss00+ Baltimore, Md. 
Pearson, F. S., Chief Engineer, Metropolitan Traction Co...........++s+-621 Broadway, New York, 
Pell, Harry S, Superintendent, The Stirling Co., Water Tube Safety Boilers.....Barberton, Ohio. 
Platt, John, C Iting Engineer...........0006 +++ 97 Cedar street, New York, 
Pray, Thomas, Jr., C consulting Engineer and Electrician...............P. O. Box 2728, Boston, Mass. 


Quintard, GeO. 96 Broadway, New York. 


Rafu, Kristian, Chief Engineer, Thingvalla S. S. Co Copenhagen, Denmark. 
Raynal, Alfred H., General Superintendent, Corliss Steam Engine Co., 

11 Creighton street, Providence, R. I. 
Robinson, Edward P., Superintendent, The Atlantic Works.....70 Border st., East Boston, Mass. 


Rowland, Jonathan, Vice-President, Morris, Tasker & Co...... 224 S. 3d street, Philadelphia, Pa. 
Rowland, Thomas F., Jr., Secretary and Treasurer, The Continental Iron Works, Brooklyn, N. Y. 
Rousseau, David, Proprietor, Rousseau Electrical Works............. .310 Mott avenue, New York. 


Rozycki, L. O. Stephen, Draughtsman, Bureau of Steam Engineering.......... Navy Department. 


Salmon, Fred. W., Mechanical Engineer with The Murray Iron Works Co......Burlington, Iowa. 
Schreidt, Frank, President, Safety Cylinder Valve Co........ss00-sseserseseee Mansfield, O. 
Schwartz, E. Chief Engineer, U.S. R. C.S.. Dallas, Boston, Mass 
Scott, Irving M., Vice-President and General Manager, Union Iron Works.....San Francisco, Cal. 
Scott, 4 Alvah, Superintending Engineer, The John P. Holland Torpedo Boat Co., 

Care Columbian Iron Works, Baltimore, Md. 


Scout, tee C , Chief Engineer, S. S. Caracas, Red D Line....... 483 Lexington ave., Brooklyn. 
See, Horace, Marine Engineer and Naval Archi 1 Broadway, ‘New York, 
Severns, J. A., Chief Engineer, U.S. R. C. S. seccsseseecerseseeee 1802 Jefferson street, Philadelphia. 
Shaw, T. Jackson, Superintending Engineer, The Harlan & Hollingsworth Co., Wilmington, Del. 
Sillen, Hillmer Fr., Chief Draughtsman, Giteborg’s Mek. Verkstad.... .Giteborg, Sweden. 
Sims, Gardiner C., Treasurer, Armington & Sims Engine Co..........ss0ceccesseseeees Providence, R. I. 
Slayton, H. O., rst Assistant Engineer, U.S. R. C. S...cscsseeeeeeee Steamer Corwin, San Diego, Cal. 
Sloan, Robert S., President, Fitzgibbons Boiler Oswego, N. Y. 


Smith, Charles R., Marine Engineer......... 7 Hillington Park Chute; Cardonald, near Glasgow. 
Smith, Sommers N., General Superintendent, Newport News S. B. & D. D. Co., 

Newport News, Va. 
Sowter, J G., Mechanical Engineer, with Messrs. Saml. F. Hodge & Co..........+...Detroit, Mich. 
Spiers, James, President and Manager, Fulton Engineering and Shipbuilding Works, 

San Francisco, Cal. 
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Spragué, Wilson, Chief Draughtsman, Portland Co.’s Works......s+++-+s0+++e00eeee Portland, Maine. 
Steele, David, Marine Surveyor.........-+-+s+00++eKemble Building, 15 Whitehall street, New York. 


Steers, Henry, Naval Architect ............... Eleventh Ward Bank, New York. 
Stephens, W. P., Yachting Editor of ‘‘ Forest and Stream,”’ 32d st. and Av. A, Bayonne, N. J. 
Stevens, E. A., President, Hoboken Ferry Co.,.........- eepeneiapaly 1 Newark street, Hoboken, N. J. 


Stivers, W. D., Assistant Superintendent, Quintard Iron Works, 
res., 20 Storm av., Jersey City, N. J. 
Stuart, Sinclair, Surveyor to the U. S. Standard Register of Shipping, 
Post Building, 16 Exchange Place, New York. 
Sturtevant, Thos. L.. Quincy, Mass, 
Syme, Jas., Fairfield Works Govan, Glasgow, Scotland. 


Takakura, S., Naval Constructor, Imp. Japanese Navy....Legation of Japan, Washington, D. C. 
Taylor, Stevenson, Vice President and General Superintendent, W. & A. Fletcher Co., 
Hudson, r2th to r4th streets, Hoboken, N. J. 


Tromp, Capt. A sseeeeeP. O. Box 373, Rotterdam, Holland, 
Tucker, Edwin W , Mechanical Engi 818 Page street, San Francisco, Cal. 
Uhler, George, President, National Marine Engi s’ Beneficial A jiation of the U. S.; 


residence, 1609 Brown street, Philadelphia, Pa. 


Varney, William W., Mechanical Engineer and Attorney at Law, 

toor Harlem avenue, Baltimore, Md. 
Volz, Wm. E., Mechanical Engineer. 39 and 41 Cortlandt street, New York. 
Voss, Ernest, Marine Engineer, Blohm & Voss, Shipbuilders and Engineers, Hamburg, Germany. 


Wachsmann, Wm....... Bureau Steam Engineering, Navy Department. 
Wadagaki, Yasuzo, Mechanical Engi «-eeeeeeLmperial Dockyard, Yokosuka, Japan. 
Ward, Charles, Engineer and Contractor, Manufacturer Ward Boiler, 
Charleston, Kanawha County, W. Va. 
Warner, J. B., Chief Inspector of Boilers on Pacific Coast, Hartford S, B. Insp. and Ins, Co., 
306 Sansome street, San Francisco, Cal. 
Warrington, James N seeeeeeI27 Park avenue, Chicago, Ill. 
Waterhouse, Wm E., Naval Architect..........00sesee 54D hire street, Boston, Mass. 
Wheeler, Fredk. Meriam, Mechanical Engineer, 
Secretary, The George F. Blake Manufacturing Co., gt Liberty street, New York. 
Whiting, S. B., General Manager, Calumet and Hecla Mining Co.............Calumet, L. S., Mich. 
Wilson, R. C., Inspector, Hartford S. B. Insp. and Ins. Co., 188 Gravier street, New Orleans, La. 
Wintringham, H. C., Naval Architect and Engineer, 
Room 1205, Havemeyer Building, New York. 
Wolff, F., President, Wolff & Zwicker Iron Works «eee Portland, Oregon. 


Yarrow, A. F., Naval Architect and Mechanical Engineer.............Isle of Dogs, Poplar, London, 


EXCHANGES. 
American Engineer and Railroad Journal......... ssseeseccenseseceseeseseeneeg? Cedar street, New York. 
American Machinist ++eee.168 Fulton street, New York. 
American Shipbuilder..... 7 Coenties Slip, New York. 
American Society of Mechanical Engineers 12 West 31st street, New York. 
Army and Navy Journal 240 Broadway, New York. 
Army and Navy Registet............0+..s...ss00e+ses++++e» National Theater Building, Washington, D. C. 
Association Technique Maritime. 8 Place de la Bourse, Paris, France, 
Cassier’s Magazine... Building, New York. 
Engineering......... 35 Bedford street, Strand, London, England, 


Engineer (The) 106 Fulton street, New York, 
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Engineering Magazi _ ; No. 47 Times Building, New York. 
Engineer's Gazett $ No. 4 Pilgrim street, London, E, C., England. 
Franklin Institute bie Philadelphia, Pa. 
Institution of Civil Engineers...... Great George street, Westminster; London, S. W., England. 
Journal of the United States Artillery. Fort M , Va. 
Literary Digest 30 Lafayette Place, New York. 
Marine Journal.............- 24 State street, New York. 
Marine Record 144 Superior street, Cleveland, Ohio. 
Marine Review naadabaiie 516 Perry-Payne Building, Cleveland, Ohio. 
“« Mechanics,” 430 Walnut street, Philadelphia, Pa. 


Northeast Coast Institution of Engineers and Shipbuilders, 
4 St. Nicholas’ Buildings, West, Newcastle-upon-Tyne, England. 


“< Power.” World Building, New York, 
Quarterly Digest of Physical 1424 N. Ninth street, Philadelphia, Pa. 
Scientific Machini Cleveland, Ohio. 
stones, 129 Broad street, New York. 
Sibley Journal of Engineering. ...... ......-21:-sssceeceseeeseeceenensenned Cornell University, Ithaca, N. Y. 
Stevens Indicator.......... Stevens Institute, Hoboken, N. J. 


Technology Quarterly............0 Institute of Technology, Boston, Mass, 


Western Society of Engi 1737 Monadnock Block, Chicago, Ills. 


Zeitschrift des Vereines Deutscher Ingenicure..................«.+s«0:80 Wilhelmstrasse, Berlin. 


SUBSCRIBERS. 
Archinard, ——. Chantiers de Ia Loire, St. Denis, Seine, France. 
Arnold, Edw.........cccee sere 37 Bedford street, Strand, London, W. C. 
Waltionore Poly techwis 000000 Baltimore, Md. 
Bureau Construction and Repair Library.............. Navy Department. 
Bureau of Equipment ............ Navy Department. 
Bureau Steam Engineering Navy Department. 
Chantiers Navals de Nicolaieff, |’Administrateur Direct. Genl. des...........Bouffioulx, Belgium. 
Cornell University Library... Ithaca, N. Y. 
Cramp, Wm. & Sons’, Ship and Engine Building Co........ Engine Department, Philadelphia. 
Delaunay, Belleville & Cie. St. Denis, Seine, France. 


Department Mechanical Engineering............ State College, Pa. 
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Department Steam Engineering Naval Academy, Annapolis, Md. 
Department Steam Engineering......... Navy Yard, Mare Island, Cal. 
Direzione delle Costruzione, il Dirrettore della 1° Dipt. Mar., Spezia, Italy. 
Ecole du Genie Maritime, le Directeur de |’...... 140 Boulevard de Montparnasse, Paris, France. 
Edison Illuminating Co Duane street, New York. 
Gas Engine and Power Co Morris Heights Station, New York. 
Gilder, A. P. O. B. 35, Newport News, Va. 
Hanford Franklin, Commander, U.S. N.... ... -Commanding U. S. S. Alert. 
Harvard University, Engineering Library ...... Cambridge, Mass. 
Hibbard, Thos., Treasurer George Lawley & Son. Boston, Mass. 
Illinois Steel Co. South Chicago, Ill. 


Kendall, Edw. & Sons, Charles River Iron Works...........72 Main street, Cambridgeport, Mass 


Lemcke & Biichner, Booksellers............... 812 Broadway, New York. 
Manning, Maxwell & Moore ..... 111 Liberty street, New York. 
Manufacturers’ Advertising Bureau and Press Agency........126 Liberty street, New York. 
Maruya, Z. P., & Co aseattemna Tokio, Japan. 
«+..413 Tennessee street, Paducah, Ky. 
Moran Bros.’ Company......... Seattle, Wash. 
Narita, K., Commander, I. J. Navy.........00--<:++ Imperial Japanese Legation, Washington, D. C. 
Navy Department Library Navy Department. 
Newport News Shipbuilding and Dry Dock Co Newport News, Va, 
North, Francis S «++eee130 Wall street, New Haven, Conn. 
Odero, N. & Co., Ship and Engine .Foce, Genoa, Italy. 


Patent Office Library, England, Care Messrs. Kegan Paul, Trench, Trtibner & Co., 
Paternoster House, Charing Cross Road, London. 


Peters, Chas. G. The Corners, E. Williston, Long Island, N. Y. 
Record of American and Foreign Shipping ........ ssseseereseeeseeeeeeee37 William street, New York. 
Revenue Marine Division............ Treasury Department. 
Company 19, National Military Home P. O., Ohio. 
Reale Scuola Navale Superiore, i] Signor Direttore della....... Genoa, Italy, 


Steiger, & CO... N@WSpaper Box 298, New York. 


University of Michigan Library......... esécasiaay Ann Arbor, Mich. 
Van Duzer, Louis S., Li ,U.S.N sesseeeee 123 14th street, Wheeling, W. Va. 


West Virginia University Library ............ nesses scenes Morgantown, W. Va. 
Williams, J. A ‘ Box 40, Newport News, Va. 
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Morison Protector Fire Fronts and Doors 


— FOR — 


LAND AND MARINE BOILERS. 


MANUFACTUTED BY 


THE CONTINENTAL IRON WORKS, 


P. O. Station G. BROOKLYN, N. Y. 
SEND FOR CIROULAR. 


CROSBY STEAM GAGE AND VALVE CO., 


Sole Manufacturers of the 
Crosby Steam Engine 
INDICATOR. 


Approved and adopted by the U. S. Govern. 
ment. It is the standard in nearly all the great 
Electric Light and Power Stations of the United 
States. It is also the standard in the principal 
Navies, Government Ship-Yards, and the most 
eminent Technical Schools of the world. 

When required, it is furnished with Sargent’s 
Electrical Attachment, by which any num- a 
ber of diagrams from Compound Engines can : In design. 


be taken simultaneously. FAULTLESS 
1 In workmanship. 


ALSO SOLE MANUFACTURERS OF 
Crosby Improved Steam Gages, Pop Safety Valves, Water Relief Valves, 
Patent Gage Testers, Safe Water Gages, Revolution Counters, 
ORIGINAL Single Bell Chime Whistles and other Standard 
Specialties used on Boilers, Engines, Pumps, etc. 


Main Office and Works: Boston, Mass., U. 8. A. 


Branches : New York, Chicago, and London, Eng. 
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A. SCHRADER’ SON, 


MANUFACTURERS OF IMPROVED 


SUBMARINE 


AND 


DIVING APPARATUS, 


ROSE STREET, NEW YORK. 


NEWPORT NEWS 


SHIPBUILDING AND DRY DOCK _— 


WORKS AT NEWPORT NEWS, VA. 
(ON HAMPTON ROADS.) 


Equipped with a Simpson’s Basin Dry Dock, capable of docking 
a vessel 600 feet long, drawing 25 feet of water, 
at any stage of the tide. 


REPAIRS MADE PROMPTLY AND AT REASONABLE RATES. 


+ SHIP AND ENGINE BUILDERS - 


For Estimates and further particulars, address 


C. B. ORCUTT, Pres’t, No. 1 Broadway, New York. 
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ADVERTISEMENTS. 


LEWIS NIXON, 
SHIPBUILDER. 


OFFICE AND WORKS, 


ELIZABETHPORT, N. J. 


BUILDER OF 


Steam Yachts FREELANCE and JOSEPHINE. 

STANDARD OIL BOATS Nos. 77 and 78. 
Pennsylvania Ferryboat CAMDEN. 

Ten Lake and Canal Barges. 

Lake Steamers BETA, GAMMA and DELTA. 

U. S. GUNBOAT No. 10. 
Sternwheelers RODOLFO and CAURA. 

Sidewheeler MARIA HANABERGH. 


SPECIAL FACILITIES FOR 


REPAIR WORK OF ALL KINDS, 
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ADVERTISEMENTS. 


MORAN BROS. COMPANY, 
SEATTLE, WASHINGTON, 


STEEL AND WOOD VESSELS. 


GENERAL MACHINE, FOUNDRY, BOILER 
AND FORGE WORK. 


MARINE RAILWAY, 1,000 TONS CAPACITY. 
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AOVER TION 


SCHAFFER & BUDENBERG, 


MANUFACTURERS OF THE 


IMPROVED THOMPSON INDICATOR. 


Adapted for all speeds, unsur- 
passed for Reliability and Excel- 
lence of Workmanship. Sold at 
a Moderate Price. 


TACHOMETERS. 
Pressure Gauges for all 
Engine Counters and Registers, 
Marine Clocks, 7 Thermometers. 


The Peres and Mantatan Automat Injectors, 
Reducing and Regulating Valves, &c, 


WRITE FOR CATALOCUE. 


SALESROOMS: 


No. 22 W. Lake Street, Chicago. 
No. 66 John Street, New York. 


REG.TRADE MARKS | THE PHOSPHOR BRONZE SMELTINGCO.[IMITED, 
_|2200 WASHINGTON AVE. PHILADELPHIA, 
_ "ELEPHANT BRAND PHOSPHOR-BRONZE™ 
INGOTS,CASTINGS,WIRE,RODS, SHEETS, 


— OELTA ME TAL— _ 
CASTINGS, ‘STAMPINGS AND FORGINGS.* 
ORIGINAL ano Sote MaxerRsin THE U.S. 


DELTA METAL. 
PROPELLER CASTINGS. 
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ADVERTISEMENTS. 


TYPE ADOPTED FOR 


U.S. GUNBOATS 


Nos. 7, 8, 9. 


OTHER USERS INCLUDE— 


peapet News Ship Bld’g & D. DaCo., 
Apollo Iron and Steel Co., 

Cambria Iron Co., 
Illinois Steel Co., 
Monongahela Furnaces, 
Ohio Steel Co., etc., etc. 


tHe COCHRANE SEPARATORS 


For Taking Water Out of Live Steam. 
For Taking Oil Out of Exhaust Steam. 


HARRISON SAFETY BOILER WORKS, 


Manufacturers, PHILADELPHIA, Pa. 


UNION 


SAN FRANCISCO, CAL,, 


and 


HYDRAULIC DRY DOCK. 
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ADVERTISEMENTS. 


Tensile strength one-inch rods upwards 
of 79,000 ibs. per sq. inch. 
Torsional strength equal to the best 
Machinery Steel. 


NON-CORROSIVE IN SEA WATER. 


Round, Square and Hexagon Bars for bolt forgings, 
&c., Pumps Piston Rods, Yacht Shafting, Ship Sheath- 
ing, Spring Wire, Rolled Sheets and Plates for Pump 
Linings, Condenser-Tube Sheets. Hull Plates for 
Yachts and Torpedo Boats, etc. 


CAN BE FORGED AT CHERRY RED HEAT. 


ANSONIA BRASS AND COPPER 6O,, 


SOLE MANUFACTURERS. 
Send for Circular. 19 and 21 Cliff Street, NEW YORK. 


REGRINDING VALVES 


LUNKENHEIMER'’S Flange and Screw End 
Globe, Angle, Cross and Check Valves are recom- 
mended for extra heavy pressures. and specially _ 
designed for Marine purposes. Made of standard 
composition, carefully inspected and tested, and 
fully warranted. Provided with Gland Stuffing 
| Box, and permitting repacking of same under 
- pressure. The swivel or union style of connection 

of the bonnet to the body of valve makes the entire 
valve much stronger than the usual patterns (with 
inside thread on the body,) as the ring screwing 
over the neck of the body acts like a tie or binder. 
This connection also prevents ‘‘cementing” of 
bonnet to body; thus the valve can always be easily taken apart. For 
further particulars, dimensions, prices, etc., send for Pocket Catalogue of 
a Complete Line of Superior Steam Specialties. 


THE LUNKENHEIMER CO. 
BRANCHES: General Offices and Factories, 


51 John Street, 35 Great Dover Street, CINCINNATI, O., 
NEW YORK. LONDON. U. S.A. 
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ADVERTISEMENTS. 


WORTHINGTON PUMPS 
MARINE SERVICE 


Horizontal Boiler-Feed Pumps 
Vertical Boiler-Feed Pumps 
Tank Pumps Low Service Pumps 
Bilge Pumps 
Sanitary Pumps 
Circulating Pumps . Ballast Pumps 
Air and Circulating Pumps 
Wrecking Pumps Independent Condensers 


HENRY R. WORTHINGTON 
86 and 88 Liberty Street NEW YORK 


PUMP WATER CLOSET 


For = Pilot Boats, Naval Ships, etc. 


In Use on U. S. Ships 
NEW YORK, 
MINNEAPOLIS, 
INDIANA, 
SAN FRANCISCO, 
DOLPHIN, 


AND 

~ All Kinds of Yachts and Launches, 
‘ y From 25 Feet Up to 285 Feet. 

FOR ABOVE OR BELOW WATER LINE. 


WILLIAM BISHOP’S SONS, 
Plumbing, Ventilating, Steam Fitting 
AND MARINE SPECIALTIES, 

205 South St., New York. 724 Third Ave., Brooklyn, Ns ¥. 


TELEPHONE CONNECTION, 
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ADVERTISEMENTS. 


M. T. DAVIDSON, 
Principal Office and Works: 
43-53 Keep Street, 
BROOKLYN, N. Y. 
Branches: 77 Liberty Street, N. Y. 

and 50 Oliver Street, Boston. 
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MARINE AIR PUMP, 


AS FURNISHED 


U. S. STEAMER “BANCROFT.” 
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ADVERTISEMENTS. 


ATLAS PORTLAND CEMENT. 


WARRANTED EQUAL TO ANY AND SUPERIOR TO MOST 
OF THE FOREIGN BRANDS, 


OFFICIAL TESTS, Nos. 3567 and 3568, made by the DEPARTMENT 
OF DOCKS, New York, March 31, 1894, being part of con- 
tract No. 464 for 8,000 barrels. 


TENSILE STRENGTH, 7 days, neat cement, ; i . 622 Ibs. 
TENSILE STRENGTH, 7 days, 2 imi sand to 1 of enitninn, . 332 Ibs. 
Pats steamed and boiled, ° ° ° . Satisfactory. 


All of our product is of the first quality, and is the only American Port- 
land Cement that meets the requirements of the U. S. Government and 
the New York Department of Docks. We make no second grade or so- 
called improved cement. 

We furnish QUICK or SLOW Setting Cement, as desired. 


ATLAS CEMENT CO., 


Street, New York 


MAGNESIA. 


SECTIONAL COVERING 
FOR STEAM PIPES AND BOILERS, 


“THE GREAT COAL SAVER” 


KEASBEY & MATTISON CO., 


AMBLER, PA. 


REPRESENTED IN WASHINGTON, D. C., BY 


WILLIAM B. MORGAN, 
No. 19, Builders’ Exchange. 


4@°WRITE FOR ADDRESS OF SELLING AGENT NEAREST TO 
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WILLIAMSON BROS., 


ENGINEERS AND MACHINISTS. 
STEAM STEERING ENGINES. 


USED IN THE 


MANUFACTURERS OF 


Patent Hoisting 
and 

Winding 
Engines. 


Steam Cranes, 
&e., &e. 


Office and Works: ae and York Streets, Philadelphia, Pa. 


THE ALLEN DENSE AIR ICE MACHINE. 


Contains Air Only. Used on the New Cruisers and Demanded by the Specifications of the Navy Department. 
H. B. ROELEDR, 


Wo. 41 MAIDEN LANE, NEW 
DESIGNER AND MANUFACTURER OF SCREW PROPELLERS. CONSULTING AND CONSTRUCTING ENGINEZES. 
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(EE HYDRO PNEUMATIC ASH EJECTOR. PISTON WITH AD- . 
JUSTABLE SHOE. AIR AND GREASE EXTRACTOR. EVAP- 
ORATOR AND FEED WATER HEATER. WATER TUBE BOILER, 


1. Hydro-Pneumatic Ash Ejector. 
Avoids dust and noise. Saves coal. Lightens labor. Prevents injury to 
paint. More than 300 now fitted and ordered. 


2. Piston with Adjustable Shoe and Follower. 
Applicable to horizontal and other engines. Takes the wear at proper point 
and guides without tail rod. In use on U. S. Cruisers “ Baltimore,” 
Newark,” Philadelphia,’ Steamer ‘ Connecticut,” &c. 


3. Air and Grease Extractor. : 
Prevents grease in boiler. Does not reduce temperature of feed water. Can 
be quickly cleaned. In use on S, S. ‘* El Rio,” ‘* Morgan City,”’ &c. 


4. Evaporator and Feed Water Heater. 
Rapid in its work. No pump required. Coils readily shed all deposit. Of 
light weight. In use on S. S. ** El Norte,” “* Louisiana,” Yacht “*Almy,”’ &c. 


5. Water Tube Boiler. 
Straight sub-vertical tubes of small diameter. Safe, light and durable. No 
cast metal. Combined induced and forced draft. 


All patented in the United States. The Ash Ejector, Boiler and 
t Evaporator patented abroad. 


In order to avoid infringement apply to 


HORACE SEH, | 


No. One Broadway, - - NEW YORK. 


THE BABCOCK WILCOX 
Forged Steel Water-Tube 


MARINE 


No. 29 Cortlandt Street, 
NEW YORK. 


Boilers sold to United States Merchant Marine and Yachts, 16,500 H. P. 
Boilers sold to United States Navy, . . - 7,500 “ 


Only Water-tobe Boiler in British Merchant Marine, 15,500 “ 
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PAINT 


OF ALL KINDS 
FOR EVERY POSSIBLE PURPOSE. 
WHITE LEAD 
RED LEAD 
PAINTERS’ COLORS 
ZING WHITES 


French and American. Guaranteed 
strictly pure and of best make and 
preparation. 


ANTI-RUST 
A perfect preservative for structural iron. 
May be applied to hot or cold surfaces. 
Best coating for all sorts of pipe sur- 
_ faces for all exposures. 


SPECIAL PAINTS 


Large factories and complete equip- 
ment permit the supply of special paints, 
made to any given formula, and in any 
quantity, at shortest notice, with rigid 


ADHERENCE TO SPECIFICATIONS GUARANTEED. 


HARRISON BROTHERS & CO. 


PHILADELPHIA 
CHICAGO 
NEW YORK 
Correspondence solicited 
on any paint topic. NEW ORLEANS. 
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ADVERTISEMENTS. 


STRATTON SEPARATOR, 


This is the only apparatus that automatically separates water 
from steam, and secures the maximum of 
Economy, Efficiency and Safety. 

Specified by the Navy ve and used on all the New 

isers of the 


UNITED STATES NAVY, 


and by the Leading 


Steamship Lines, Railroads, 
Water Works and Electric 
Light Companies. 


THE GOUBERT MFG. CO, 


(Sole Manufacturers), 
14 and 16 Church St., cor. 5 ite New York. 


WESTINGHOUSE ELECTRIC AND MEF, COMPIAI, 


PITTSBURG, PA. 


The Largest and Most Completely Equipped Electrical Manufacturing 
Establishment in the World. 


Power, Incandescent and Arc Lighting, from the Same Circuits. 


We have purchased and are the SOLE OWNERS of the patents issued to Nikola Tesla for the 
POLYPHASE ALTERNATING.SYSTEM, now recognized to be the most successful system for 
lighting and power purposes. 

We furnish conplans lines of apparatus for the perfect onuiomeem of ISOLATED PLANTS 
for Bois, Office ro Flats, Factories, as well as STEAMERS. 

STANDARD SYSTEMS for distribution of lights and power in LARGE MANUFACTUR- 
ING ESTABLISHMENTS. MILLS and MIN 


WESTINGHOUSE ELECTRIC RAILWAY SYSTEM, 
The Most Durable, Economical and Efficient on the Market. 


NEW YORK, 120 Broadway. PHILADELPHIA, Girard Building. 
BOSTON, Exchan e Building. ST. LOUIS, American Central Building. 
CHICAGO, New York Life Building. CHARLOTTE, * C., 36-38 College Street. 
ACOMA, WASH.., ‘102 S. Tenth Street. SYRACUSE , Bastable Building. 
PITTSBURG, Westinghouse Building. SAN FRANCISCO, Mills Building. 
BUFFALO, Erie et ayer Building. WASHINGTON, D. C., 1333 F Street, N. W. 
ADA, addres AHEARN & SOPER, Ottawa, Cansds. 
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W. & A. FLETCHER Co, 


North River Iron Works, 


MARINE ENGINES, BOILERS, ETc. 


Hudson, 12th and 14th Streets, 


HOBOKEN, N. J. 


Take Ferry FROM Foot oF WEST 14TH ST., N. Y. 


ASBESTOS FIRE-FELT 


FOR COVERING 


MARINE BOILERS. 


DURABLE, 
REMOVABLE, 
 ¥FIRE-PROOF, 
WATER-PROOF. 


Approved by U. 8S. NAVY DEPARTMENT, and in use on the NEW 
CRUISERS of the U. S. NAVY. 


H. W. JOHNS MANUFACTURING CO., 


Sole Manufacturers of H. W. Johns’ Asbestos Roofing, Sheathing, Building Felt, Asbestos Steam 
Packings, Boiler Coverings, Roof Paints, Fire-Proof Paints, ¢tc. 


VULCABESTON Moulded Piston-Rod Packing Rings, Gaskets, Sheet Packing, etc. 


100 WILLIAM ST., New York. 


Established 1858. 
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ORFORD COPPER CO. 
37 Wall Street, New York. 


ROBERT M. THOMPSON, Prest. 


COPPER INGOTS, WIRE BARS *. CAKES 
Ferro NICKEL 


Ferro NICKEL OxIDE 


FOR USE IN PREPARING 


NICKEL STEEL FOR ARMOR PLATES, 
WATSON & McDANIELS” STEAM SPECIALTIES 


Our goods are adapted to marine use. The 
STEAM TRAPS work under highest and low- 
est pressure. Simple in construction. Do not get 
out of order. We make ExTrRA Heavy STEAM 
TRAPs to work up to 200 lbs. pressure, and they 
are tested up to 300 lbs. by us, and we send them 
subject to Government Tests at our risk. 


PRESSURE 
McDaniets Pat. Steam Trap. REGULATOR. 


No diaphragm to blow out. Is a piston valve well 
adapted to marine use. Is governed by a spring not 
affected by the rolling of ship. The Regulator as well 
as our other goods have been tested and passed by the 
Board at Brooklyn Navy Yard. They have also been 
recommended for adoption by the Board of Naval 
Engineers. 

The U. S. Cruiser “Cincinnati” was fully equipped 
with our goods when built. They have 
been and are now fully satisfactory. 

A Trap or Regulator furnished, free of 
a nse, to any ship in the service before 

ing an order; if not satisfactory, we will 
oa return charges. For sale by the trade 
generally. Send for circular. 
WATSON & McDANIEL, 
144 N, Seventh St., Phila., Pa. 
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Lif 


Pressure 


Regulator. 
(Reducing Valve) 


The Experimental Board of the Bureau of 
Steam Engineering of the U. S. Hoa he 
after recent tests, report that it 


“THE BEST PRESSURE REGULATOR 
AND REDUCING VALVE WITHIN 
THEIR KNOWLEDGE.” 


U. S. NAVY STANDARD. 


FOSTER ENGINEERING CO. 


(FOR SHIPBUILDERS) NEWARK, N. J. 


R. BERESFORD, 


PRINTER ano BINDER, 


617 E STREET, N. W., 
CITY OF WASHINGTON. 


KATZENSTEIN'S Self-Acting Metal Packing, 


For PISTON es. VALVE STEMS, etc., of every description, 
for Steam Engines, Pumps, etc., etc. 

Adopted and in ae y the ‘principal Iron Works and Steamship 
= Companion, within the last twelve itt in this and foreign countries, 

FLEXIBLE TUBULAR METALLIC PACKING, for sli uae 
on Steam Pipes, and for Hydraulic Pressure; also MET. TALG 
for all kinds of flanges and joints. 

Dovuste-Actinc Batancep Warter-Ticut Doors for 
Steamers. Also Agents for the McColl-Cumming Parent Ligquip 
Rupper Brake. 

For full particulars and reference, address, 


L. KATZENSTEIN & CO., 
General Machinists, Brass Finishers, Engineers’ Supplies, 
357 West Street, New York. 
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ADVERTISEMENTS. 


The POCAHONTAS COAL 


Is the Best Steam Fuel Mined, and enjoys the 
Unique Distinction of being the Only Coal 
in the World that has been Officially En- 
dorsed by the Governments of the United 
States and Great Britain. 


WAR SHIPS OF THE UNITED STATES NAVY WHICH MADE 
THEIR TRIAL TRIPS WITH POCAHONTAS COAL. 


VESSEL. BUILDERS. DATE OF TRIAL. ‘en 
Baltimore, . Cramp & Sons, . Nov. 15, 1889 $106,442 
Philadelphia, Cramp & Sons, . June 25, 1890 100,000 
Newark, . Cramp & Sons, . Dec. 22, 1890 36,857 

: Jan. 26, 1898 45,000 


Bancroft, 
- Apl. 17, 1893 


Moore & Sons, . 
Columbia Iron Works, 


Detroit, . . 150,000 
New York, . Cramp &Sons, . May 22, 1893 200,000 
Machias, . . Bath Iron Works, June 10, 1893 45,000 
Castine, . . Bath Iron Works, Sept. 15, 1893 50,000 


Columbia, Cramp & Sons, .. . Nov. 18, 1893 
Marblehead, uintard Iron Works, . Dec. 7, 1893 
Montgomery, Columbia Iron Works, . Jan. 19, 1894 
Minneapolis, Cramp & Sons, .. . July 14, 1894 
Maine, . . Navy Yard, New York,. Oct. 17, 1894 
Indiana, . . Cramp &Sons, .. . Oct. 18,1895 
Texas, . . Navy Yard, Norfolk, Va., Dee. 19, 1895 
Massachusetts, Cramp & Sons, . . . Apl. 25, 1896 
Brooklyn, . Cramp &Sons, .. . Aug. 27, 1896 


CASTNER.& CURRAN, 


General Sales Agents for the Celebrated 


Pocahontas Bituminous Coal. 


328 Chestnut Street, Philadelphia. 
70 Kilby Street, Boston, Mass. 
1 Broadway, New York. 


Progress Building, Norfolk, Va. 
Neave Building, Cincinnati, Ohio. 


Terry Building, Roanoke, Va. 
Old Colony Building, Chicago, III. 
4 Fenchurch Avenue, London, Eng. 


or 
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THE STURTEVANT 


STEAM BLOWE 


FOR J'ORCED (COMBUSTION. 


B.¥. STURTEVANT, 
BOSTON, MASS. 


B. F. Sturtevant Co., 
Boston, MAss. 
gt Liberty St., New York. 16S. Canal St., Chicago. 135 N. Third St., Phila, 
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ADVERTISEMENTS. 


ELECTRIC COMPANY. 


COMPLETE 


Electric Light Power Plants 


FOR 


WAR VESSELS, 
STEAMSHIPS, 
YACHTS, 
DOCKS, WHARVES, &c. 
Our Marine Generating Set with Engine and Dynamo on the same 


Base is the most Compact and Perfect Marine 
Electric Light and Power Plant. 


Search Lights, Dock Hoists, Fans, Ventilators, 
Incandescent Lights, Arc Lamps, etc. 


MAIN OFFICE, SCHENECTADY, N. Y. 


SALES OFFICES IN ALL LARGE CITIES IN THE UNITED STATES. 


‘MORAN BROS. COMPANY, 
SEATTLE, WASHINGTON, 


and ENGINE BUILDERS. 


STEEL AND WOOD VESSELS. 


GENERAL MACHINE, FOUNDRY, BOILER 
AND FORGE WORK. 


MARINE RAILWAY, 1,000 TONS CAPACITY. 
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THE GEO. F. BLAKE 


. : BUILDERS OF EVERY VARIETY OF 


achinery 


91 Liberty Street, 
NEW YORK. 


185 Devonshire St., 586 Arch Street, 
BOSTON. PHILADELPHIA. 


STEAM PUMPS FOR NAVAL USE A SPECIALTY, 


Send for Illustrated Catalogue. 


COMPOUND DUPLEX 
COMPRESSOR. 


This Machine is intended for those who wish the 
most economical results, even in small plants. It is 
perfect in regulation, and as it can be run at very slow 
speed, unloading devices are unnecessary. Consump- 

‘tion of fuel and wear of machine are strictly propor- 
tioned to work done. Other attractive features. 


ROCK DRILLS 
AND MINING MACHINERY. 


WRITE FOR ILLUSTRATED PAMPHLET. 


CRAND DRILLCO.p 


100 Broadway, = = NEW YORK. 
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A DVERTISEM ENTS.. 


SELDEN'S PATENT PACKINGS, 


FOR STUFFING BOXES OF ENGINES, PUMPS, 
AIR COMPRESSORS, GLOBE VALVES, ETC. 


CTHE ““SELDEN” is in use in the U. S. Navy, ané 
the largest Marine and Stationary plants in this and| 
other countries, and its merits have been testified to by thi 
repeated orders where it has once been introduced. Th, 
materials of which it is composed are entirely free from ant) 
substances which will either score or corrode rods am 
plungers, and will keep them tight with less friction that 
any packings on the market. A trial will convince you of 
the justice of these claims. It is put up in handy shape for 
the consumer and dealer. 


Round, with Rubber Core, in sizes (varying by sixteenths) from Y{ te 
2 inches diameter. 
Round, with Canvas Core, in sizes (varying by sixteenths) from &{ te 
1% inches diameter. 


Square, with either Rubber or Canvas nan in sizes (varying by sim 


teenths) from 5% to 2 inches diameter. 
RANDOLPH BRANDT, | 
38 CORTLANDT STREET, NEW YORK. 


THORNYCROFT 
Patent Water Tube Boiler 


IN USE IN THE FOLLOWING NAVIES: 


U. S. America, Brazilian, Indian, 
British, Danish, Italian, 
Argentine, French, Spanish, 
Austrian, German, Etc., etc. 


Used in the New 30-Knot ‘‘Destoyers” for the British 
Navy, and in U. S. Torpedo Boats ‘‘ Cushing”’ 
and ‘‘ Ericsson.”’ 


THE PATENTEES ARE PREPARED TO GRANT LICENSES FOR THE MANUFACTUR OF THE 
BOILERS UNDER ROYALTY, 


SOLE AGENTS FOR U. S. A.: 


JOHN PLATT & CO., 


97 Cedar Street, NEW YORK. 
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CRAMP'S SHIP YARD, 


PHILADELPHIA, PA. 


BATTLE SHIPS, CRUISERS, PASSENGER 
AND FREIGHT STEAMSHIPS, &C. 


Steam Machinery of every description, including 
boilers and all equipment, Marine Engines of any 
desired power, Mining Machinery, Hydraulic Plants, 
both for pumping and for power, Furnace Blower 
Engines, Tank Works; in short, every device or 
appliance embraced in the domain of applied 
mechanics. 


Basin Dry Dock and Marine Railway. 
Parsons’ Manganese Bronze and White Brass. 
Water Tube Boilers (Niclausse, Mosher, Yarrow). 


Area of Plant, thirty-two acres. Area covered 
by buildings, fifteen acres. Delaware River front, 
1,543 feet. 


Floating Derrick “Atlas; capacity 130 tons, 
with 60 feet hoist, and 36 feet out-hang of boom. 


Number of Men Employed, about 6,000 in 


all departments. 


At Once, the greatest and most complete Ship and 
Engine Building establishment in the Western 
Hemisphere. | 
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‘“*THE LARGEST INDEPENDENT AIR PUMP IN THE WORLD.” 
ONE OF THE TWO 


BLAKE VERTICAL “TWIN” AIR PUMPS 


OF THE NORTH GERMAN Lioyopd S. S. Co.’s STEAMER 
“KAISER WILHELM DER GROSSE.” 


The Stovies U. S. Vessels are also furnished with Blake “‘ Twin’’ Air Pumps, viz: 
Columbia,” “ New York,” “‘ Minneapolis,”’ lowa,”’ “‘ Brooklyn,”’ “‘ ‘ Massachusetts,” Indiana,” 
“Maine,” “Gresham,” “Daniel Manning” and “ Hugh McC joch.”” 
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NOTICE. 


Owing to unavoidable delay, the General Index 


will not be mailed until about June 10. The subscription 


list will close on June 1. - 
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